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I —*cXtb oliS^^^jls 4xy.>*y ^y»»* 

I^jj^iljuoj IjLili' ^>1 olfi . ^-i^il t_)bS"0^ 0\y*i (JJ****** 

oJ jjwcc* cto ^.1 jj ^ oU^l** j (*jIjj c^; tpto ci_/>* (j* 

jjz-o ^>i_jliS” aZJ» O^J- 3 0 ^ u*j* t ‘ oto^to 

C^~* o > ^^(\j >z**&iA 3 vaLJ ^$Cj a 5*ixil> »j^» 

jl Ol! I £%>l iSj^-i^ 3 Jkilejb ^U- t/3jl A.^^UclAi O*~o uC.1; 

.O-I^le ^»lj ^ jto (_j^> j*$•**** oy*} 4, *^ t 

il^ ^ <-S<3 toil ^ ^^"iAij fLI OjIju jl 

AA (_£^,*.9 \V"\ ♦ Jto 333>^3^ ^aXio aS*U>b 3 I to ^3^ f^s>w j o 

O(_>llj jl ^X3 o^lc ^jZ9I^i» ^3 ji ^jA ^.1 jl (_J»^5 (_£^*.9 (JU* 
J.*a9 (j—il^VI £{j-ZS 3 ^yOkis- ^ji 3 

3 |*lc o I J>;<«9*" 4 j J to cA9_jl «_90A<°J 33jAJ 3 (*J_j.*< JlP 31 

f'.3*‘ *■; 4*:>-li^liXjl a.S^(*jIj jt>Ui_j ^o 0 A* A >'y j* oto^toj f^-^l 

NT ‘toNf ♦ 0 'tJU 3jt J^I V_*>-J Juc a5* 

^£3 3 ^*ol9 (*iy*" ./ 1 ~..«_j!o» M~aI* 3m 4.i 05J 0 I 3I-? <_£ \T*V3 

^■1 ^.’>■3 f'-xO^S^jtoo (^Li^j) ^ikxi ^j.»cj ^33 oL»_^l*» J^C‘j.5 . 

Kt*33%3 l r )l'*->" IlX*i o^*«ai dC^i ^Jl gij \.t<aj*a»%A ^sij jto 

4 w i, l^ .* I ^1 lXaam 4.3 £*ji3 ^*.2* ^Jb^iiA9 

-? {J 1 3?" i $3^3j~S Vl(_jlz5"J yb ^iLx)l^*ia! (jOkXjul^i^Pt'j N \ YT” 4JO d)l j^o 



aS**) (n) ^-5^J y^>\ &S> jO*%*d\o\ Vlc-A**^ 

ol-j f.j? ^ o* ^y. £^>J cr^ JZ\ Uj iXm* jJX JkL»* dl Jj } ^.-L Ol^rfl* 

• :. jS^ |ju> (^ 1 ® j Aldl** AC^Ja* ^MUm) 

j) cA_e^LI ^ 3 1 jit I j ^flid I iXnx>- od* Aj ^5^^Xj I 1>lX*j 

A*>y <_$.jj jl aS" ) ,_3j.JUs a*>- y \ji ‘dU-^S" aJL»j 

lILo ■Am OA-*?*y jbj- {jf**}} 

J**\ J ( Jjl ^-L iSh'y» Lr U* -P pS J*S\?) dUUjU* foL* dU-jS* 

I (dlo^b) dl»b Ob oliS^j aJ^lxJI^s^cI q U i ai^ i 

JU . ->JuXO ^{j A Aj b Jjj ouX-ii ^ j*>.)^ A $** J** ob^ ^ic- 

*(j5.?U** tw^jbcC* ^*<A> LjjbS - * A*>-(jL.5»fi» 1^-J Udi>ru 

A«.»-y ^.jU, ly I 5 obsl C~~» AJ 1 j\Z j 0 V*" ^ merve iH es celeste*) 

cJ*‘i-^\ 5 ^'“ ^jliAa j> I £-».U CJJ~^ A*>-^) 4^>- ^ 

oV^a» ^ i—»dT Aj«JUa*iL CijiXi y L«.f)j aju jlr ^ I ^1 . lAO^S* 

• f J Jl^jj iS^J* 0 (j_^dlj J Aldl J tjf'J*' (_J’*^*‘ 
(^j-^*^ ' *• ^ l-_ > ^j>ci ^lc aS*®J utfj Cjd>- j t-? *.i ^ 1 5 uXj I^> Aw I 

^crJ» iAj *A>“ O LilS".lj^ o y Ju»Ku^ ^iy Jl> Ufb A>-^l Ji JU 

(j^ (_5lf*cA3 i—?JU t ♦ jl ^j!y> l\>U^ d-d J$ iSj* **** > Ca&j4* 
O *** 1 J J 0©.laC A >-_5 (dl)^^3^ jf'** ^ ) U® jLaau ^Ub ^ ^jbl? cSt 5 "’^ ^ 

. C-*A I ^j^>* y»Ai 0 Oly^jl aS^a-v^* Ai^b^ 


Jt 5 f^- 0j> Jibl J 0 (Autolycos) _J#| (>) 
j*^ (Menelaos) u-j^IUU j jl JJ Jjl oj Jibl j- 5 (Theodoseort) 

v*“L^X j .4 "U 4 *a^ {£^> I I ^>l*iS ,,, "^ I / J? x ) j«:-* Jjl O-r'^ljl 

• ^*"*! 




i j,\j, ju Cc C-oJ i^y tjU J-’JU l 45”Uot- joc 

<•' 


(^l_/b ^Kclj Al>ua.fi JAC^j|ojl jlti jtJJS 6Juju O^l—ua 


j__,_9 ^_.l J_»bl Jj A^iTjl ^i£m» ^.1 ^ jljfc U OU.C t S”jl £jU- 

oLS"^ ^5\» £»y> I l| ^ ^AJ J (J» U^ 4) lA«^J , J^.O aA Jo ») 

. lXiUj^aj J I Ua9 

^a^sjej ^Jl^clj ) C*o^ cX*j jLo^U ^5*i\J I^iVa* <^>1._Z^JJ 

t£Jy lK** 0 o\xZ* tjfj* <£Jy (b^lo^l^S*-)l 

0-44<J^^1jia) J.a*^j*A 1^,J^a1*a 4) GlX^jf^ljLO L|J,5 I JuXC^ SyJZt aA jlJZ+A> 

*£ J0*C^**l) I^J I 4.5*0*4*1 J ^Z$Lm*a Jjl*A ^jaa^cZa (£-)y 45* 

^a> 5 I^^A^a Y*\ jl 45* 4 JIa*» til# JJ ^—*.»*! 4 ju\j JO ^Za^IaS*J.*Oa4* 

. (ju L«.a) ^A 0-4*1 4a) l* L^aIaA 

jL-i ^-jljuy. ^_!e j»5 1^ I Ojlj5>- A s*ji 5 ^OJ_T } C-**U JJ 

. Ou.1 eJ ^j? ej\jJI(j^9 (iil)^.9Jju*»> I ) f^>&lj) L.L? £j9 Ji ^—1 .? »<XujO ^)l\.i 

J oLL- .?;> l_ AjMaC ^a^po oV^Aa } i—o5*JJ 4>-^J0 a CjIajAjiajI ^lou—5 
4^>*^) diz> I 45*cjlzS*I . O-jm-a> 4*1p ^a!a 45*0-4*1 ^-cvAf- (_^i.A> 4*^^5 l^O» .. « . > .3 ^4<a*j 
cA—<* jjl*A J> I 4—5* 0-4*1 l£jLi J OjA^UsI otXO 4 *2j£ uiToal y**> 01 ^.4*jld 

^)d jITOj^aApxi ^-A ^am-o- 0 O^)jLu* ojlijj l-4«^j«asieA^ O-A^l^xiaC ^) I ^a^£»b) ^ic 

JJ45*cZ‘*> , I^JJ 115^>' 4>-^fl 0-4*I f jZ*2J3 o^*5*4^>^* . 0*4*1 ^JuOa 

(oli) ^ ^^**-1 ^J,4?0 J^aAA oUJ e (^ji^tu Cj^yUa-ol 

lXa I a ! ■ ■■ l *wia H al IJ clju ^ J1 . ) l^ A*) Ij> Am— 

( _f'^iu.i_$b>oi 0_Ji-)^l lS^bj jL>-J Jm—: 9 c_5^> AjUiIm.4jOJ^*"L— c£^*j J>>3 

■ ^$2 t5^» Cf^ t5^» 

( C.»l L» fj*^** 1 ^Jlp AaIoI- ^mI l^-^Aia^l iS') Ju>-JJ 



(_$1_mi . «Jkw 0^1*1 {—* 1* *■; 

^jlt ^jlUjJI |^> I ^^Ua»31J O—J £*»»»<* <<T»lX^ (JIahImiI 4^",ji jM J/ 

4^«iA_* I i^jyj! j*-<il_^* ( j-i»*) JJ . C. —I4,.1.5'j 

<S'*lXm» Jl**!**I J Jail l5^»; c£jL»—*j . >a£<Ij k*J»Ji 

. __**** I »iX*M ^V*9C44D 4,^U l~3 ic_^*3 dl A I^ul I _} iJIaamaJ 

A£>^^>"^1.® Cj^-o-~ > ‘ _) ^A?^ 

3 *— •* -A f —* !i 2^A5_5 ^i. ■ i> f» *i (_^L^ 5 d-~A j Apbm! ^ r ]**.j^>x.n2 e< V.^ iJLojiI*«I 4^* 

. O-mI lSW 0 I __;Aa> A^J i_j\jS Jji I ^i 

-a ^j»» \ rr« .u ^ o'j«l- 

*:lj ^i>" a** 



• 1 . * . •• 

ja 4a*Xaa 


i—a) 4 ^b> I l» 4^ lX) 1^5 

ojljj ICA*f* iyy oIlXaZr^ ,s jljt-x* Om 

^J ^o.A^OjJ.1 I (JIa! Jj.9 y, ‘ iA> I (^o-j iaS” J—i Dl<-^ J_^9 otXt iJi iS 

C)\j~-> t 4_^eJj.; ^»l L-Al^jjJ «_il3*J^lal»JJ jjiljl . Aftl_p- ojVal U (ji-JJ 

^s j** »Aaj oL°3j c-Ao-s * olj_^»rjljj^»l ol 

^Jia*j l_r cO J Js—Ajij J^-A$ Jil»J A*>-jl t_fi]^« (_A*S*^ji IJJ . A! I 

dl. 4 Ljp I J p^m4(I o 5 $ A—J" ) 5 _9 I JJ*£j I v— y&S-JZ* t^A. a. * , S ' Jp_! 

O^lSJ^! 4 ^ 1 AlS^ ^ ; 1>- ^»ft_J JJ J S’ , f_ > Lu»0 I _^<-5 4»-lS.lj tJ ju f U fjicjl 4ft-ld 

^-> J(j-?l 4>-JJJ 1^)1 4!^^:> i4I9 J jt:- 4jj.—J 0l_***{ 

. J n « la « » U 

<3C.lo^jiU»-jl (_$l4C^.o^>cfl CjJj'&t 0 j*o^>- (_JliS^S'eJ^J p-a)^ uX<aS 4lJI 

,jlA-»j lj Oi'«-r : ' J O^jJaS ftAC t£u\>- c C. J t I 

J ^Lo,l*<a 4—S"^ 0*94 «^Ju\^ 9 e-A- 'SlX^y iS jS jjj 0 I J-S • Aft3 

4^"j y jlilcl £jil jj J A,.7 ...ft (_£ t 3^^ , | _9jl*» ( J.^l>-J oAlA»j l* 4jlpuU5" 

^_.| jlAju ^yZ*A t o Ail /O yjtyi^-AyC- J^lft 4^"ii***l ^9^J \Sj*^*^** jJjI—.* k ^^**>1.5 

4j|jJ>^»l *ji I k_9y^" 4£"kJu£-* ^^yS el J jj'U-5 • d**"l ^JjulJjLi^e 

A» ^-t *S O—-i 4.1 l«.e I v-i)^* ^ • JuS*^L” ®‘Jd^ I (J—i 

ujllT^iUj Aft I ^t-e 4 A i 419 £^JaC I J* dl '^J^i 

C lel^auft4^"Aild t (_$Aju 4*u O^f" Oj JJA»»eJA^ftJjl 4$^AlS'^^iju> 

k (^A*> 4— ^j_fti . AlSCi Jk>«l>- ^.51 ^.J ^jISk od>- ^ 0^*3 ^)^t 4i 



j-»l ,^r i 4 ; £ JZi jU ->£»l 4 .^** ^J*::*.. 

: 0-1 d 0^ y*i ^3.) ¥*\ *J_j*“^* fbi jI j ljjk« 

j j:-£^yi* <i^; jl£j j (_s\jb<ojj j 

4$^. ^U>^j l 5J f>> 
b*i l> 

#lj i ^Ijbtf ll 

(“J->_}>• ( _/'_j—si 

? ^JLj yj-ifp" ^* !_}"■• * > ^‘ 0* bl 

4;tajj dloj; 01 jj a»U 
— 2Jy£t** O'5 "“®l -? 

: L *-^ tS * I_r“ 

,^.—>■ (_$Uucl» J^,j» 

fj(iii «bjj 
. I jl^TiAj {y* 4$ , ^*»^ 

I jl J^»^»Jkjl4^iA.< 1 <Aa>> 4i»b.J l _i)_y.4*rl>- J3 

^j_» I 4^jj JJ 4jf 1 Ol_J"* j_j* 4*xJlX.>^jiA.* ^jO,. l £*miJ yi (_jl4 I J 3Jy0j_ jll** 

jiS^ jjl c~J xT/ •£.* t bXjlo obT 

1 euVi L j,A.9*'U i _)l;5^ ^1 l^ij £-1=0.5 

. \j ^iy> l/V* 
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<9ci<# 

\ . i !• dL5Cojl_/>• Of.*' ~ *» (J"»» 

N •! OU— I I cic_?(_C;j _ j o~*j » 

^ N * (<_5^I (5^oU*») llk^yUtui _ ■"... . , » 

N NY I •jiJ?' c.—*» » 

^ ^ ^Jy _f .*; » 

^ ^ ® _y j\ — |»^o o*-*j » 

\YV '—• '* ■; < ^3" ^ oL?L » 


h 





JJJ jYi&JJ oAl Soj\>- |U J.^jj±- ijl^j-jj J^k^jji ^SJi _\jC.i 

. xSI+a f j jska a*^o jj^ fU £■ c£L* <i*^>j <dL^.» 4JL* Oi j j 3 | l> Ot* j 

31 ^ j» <»U»l» ,-c^li <J& j (i^ A <l*£j <JUj.3 i»l3fc4 31 j^Li 

^lXls| jJaj l j[^SlfS' 4, *£lo y 31 I ■ A yA J» L |—ji C-L-'l _r \yf 
|j^»^ cnl» 3 i— I 4 »l—i| JJ w*ia£' 3 l ^1*^.lal* 

<iU-JU>j ^-£*31 u - ^!) -3b juI^*-jI Js ^U-L) 1^3c7 

'-*y—f Green River ' Wyoming til ' : ^‘->'- J o'-J* O —^-’° ; -* 

Cjc 'J Mrs Alice H. park \ A pjVrjj 

i( uj —L jojt U-v^.)j| jCirL ) .Allred H.Jov <Syr “ 



u i iji ji> U- j 

<iU fjU jhjl) oi'jj l-Aijj- 1 *!* (lick) ^i 1 — tJ^ 5, 




jui j 4J3 

* oAj I ^ ^ *U— a£U ^1 — 

o—S ^ ^JJa if tJ|<CJ X.* -c-l--* J"jy <£1 j.^—; 

<f ^>Ia jlj jl^> 3| j-j U^l» ^) o-ii c.— 1 1 ca-O 01***^ ^j *^ 4 *^.-5 

|*aj:> ^Iaj.. l ^1 . o—l j> oj3>^ j>^ ^ J -*3l 

j*>j ^oj <r (3 ?U3lTui -C-** o^l j>- **o^ \ ^ • • ♦ c£l.jl^ ^ j* 

oj Vo • |<ob 1>L- (iU<CJ J t C 1.7 j 

s jOc-|j^ \ «\\ ^j- 4 <^^^-£*31 o-L^i) 

31 V 


(_J>I 



*S uX£*l* ^3 1 -o.a^ i o j —S”" Jj 

^Sl>- o 

^-JLo s\+Z»jy^ . O**! d3^-o-i I J 

j\ . O—* p* Jy*3 p ^y CO I^p- J Jy y* \ 

dlo;J/l^; 6*at ASb^»»l £j[^~ Jsls cjj^i 

t>X*S »jJ>~ ^iL'J !j^~‘ I 8 

lSL»j^* aS" ^i.jlc\*A . J^^1** A^-Ul I 
* 

k>-Ji \ \ ♦ • ♦ Lj l ^>~ jb>" ^Lt*- 

yL^U**9B C-A^-ijli A^-Ji * Aj ^) I tS 'J) j* CjJ I J > ~^5 jli 

Obj*“ jy>~ kS ^IjI^j o Jaxis 0.^3 j ^*c U ^1 jIlAcI 

. ^jlj ^ia>- ,_^ J^LiJij) i^jliA) ^i*S ->l A»eiL>- aS~ C-*“I 

A»iiU>- ^fcLo-i. 0*"l ^jJZ-u.9 *i iXJZiJ^>- C.J J^ tXili 

if*"j** aJjIS" A_r iAO (-Aj.ftl^.>- iA_^l5" ojUai i_j J^C- £_Sy> I JJJ b '^■+~‘Jy>- 

• ^ (j 8 j^-*' 

jy t-jji* JJJ iAj I y (jjl aT julib aJkJe aJ^I 

lA****J^>*A^lj wwu* 1 aS^ I j ^ Jj—^ 4 Alfl^ 1 2J*A 

^y > .»■»i.*> b j lA*JA 5^v— -^*jI^^^I '■— y^*~3 

. J J S"*_4^5"t_jll9 I JjlAi b (^*3 C«5"__p- A^b 0 -?j5 


( n ) - Copernicus 


W>V> 


l, jl Juu lilol/ 0^_/ JA aST U J>!jol 

C-OlA-** ^ 5^* Jj «5 ^a.>^.a dU ^4 J t - 3' a ^ 0 j>- 0 

^f} \j I jUi jLt aa^Iojj ^jiTolti c£a y I jLA <y j.* j.> 

l>ll jlj ^Jjl^l aS^I3J ^****4 tj?' A"*^ 

. ^olX^I^Lo ol*-*^ a£*J lA-^> lXa^ J^»- 

- ^L*—A aS" lj (jjl A**P J} ^j**LA jl I ji J 2 J-*.J A*IcJ^A*A Ijjl aLI ifjjJ.S' 

• 0^®dl; J I aS^Jjj ^jl iXiiLo (j’J-f t ^j\ 

jh _j oli-A®*" l 1jL jj jitj^i ^oIj ,J^j» j_j^*I L»l 

• Lj>^lal( y I \***J!y^***j ^c*j*a J kjf*** c*A*a»»»$** 

aS^lA**^** 1 ^llbO^i | i 2)^> , LA«fc^»^^5>' ^Ia*« Up. dA>L 

iAaa^*.a» y 1 l^JoJ . iA^I**a Jka ykj^ l*A>^ ^ t^X^aSvw) ^i$l til# 

{£ j ^ 1 $ ^ j ^ y^ as" Lx.jL»>.fr cA^a^oI a^Aj 

• j* (^) I ja sy&z+Ay d^ Jy *J^ aS" 

3 0*«! Ch\£* I^+J^y I AlAc- ob^ 31 *r £bi> liU^I 4 Ijb^J I A^A 1 


a1/*p13jI ^*+ a J I 5 Ajl^-iA*^ j\ , i\IIo*w J)dtXO 


3» Sj>j* 


^d$C.+A ojllaJ Ij^IplxiiS"© ojj5"dl^ Lo^iojl ^*(^)j tAt-j"-? 

j&Jj ,_/Ij^I j j VL u 1 ^ a1^j 3^3) c$U#^y a5" 

ol^j JL^ oJ) aS^J t C-u-wl ^l> j>- J3 Uflj I 

J ^^^***a diAJbl^Lo^JvkA^ I ^)L^*a» I y Ijl (£ j&hb dij ^**^w*0 

Ap u\a1^a4^J I A>-J>Ca^J l^ll aS" IjwIiAi ^.I^ > I I 

jliL* CjJ^j^ - A^jjL A^iAJL^Lwu® y ^jSyK-i aS" 0^-“l 

0 ^ aL^ 13^J 1-0 * kXli I ^O JJ^Aj yZ~+A ^jayUA^^-y 2 

dliL ^jS^ji / l^jJ J JJ Jj I jl ^1Li JJ aiiU 

^aJa*- Ij cr*"' 


: JJ J ^ji-" Tjj <r o-I lil^Uil j^- - (T) 


Galileo — (\ ) 



tiSilj £j\> Cjjji jl jf I . j JZ jjkljA) 

iSy^ ■aiG.* jy^yj ,j—liili«*» ^y> i cJl*3L?"(jL*j! 

•U jj jol*.- ji$y m j£*j> J dl '+>-j AdL** oWl^y ojlt$ljb *5" 
A1***a Ij A*£Oj>* A*$^ •jllaJ I A-ll*** C-a>"Ij.a 

AAl*^*> A$"*Oa*Ic* 3^> L Ai lo j dC-1 I (^l/b jf l 1 A A»l • 

,v^*^dlj 6 Aa^J^>- ^ia^i l^.j I a 5"~Ij I i_\jj^*>& ^y^" l£^a5 

l^j I Jj _j~! (ilo^i (.si* J 4; * A> yS^t A y>" (J>Ia9^j J>J<+4aj* A>ld 

.A1^L*-a !Li I jImj jl 1^5 I .A*l**.£» All>*AvL) (j£lfjlj>j^AZil* 

jl ^ ^ ^ *-A**^' JA^ Aj J j \.a 0 LJIp A^ LaaIh^ {) 1 ^1 

*. A.JbljC>- ^ JJjU Adi Aj>cJ I J A*Z^*.o cSj> J1 »j j+» 

(_$l^jLij I aojI e> aIJI^aS"^* oIa*^ 

^*il ^?ImI l cj I c5^ C)y**** ^-Aac> c• •-A**—^ L$^ uA>m 

a**-j^s>- ^y>jl>- 1° a$^ ^?Lj& l)**** «? «-A> j+£z*j* jt A*dj y> (jy j j 

IaJ lAjjA.** j^jl>* L A-dO^>* A^oJbjl j\^ (_$l^ Al*d C)y*? ■ ^ y-~~+* ^jl>- 
. A*«^a 4? (A^kflULfe (w^j^ 9 jl ^J~~ > -> J^> ^ {j^~ t^.5 I 

L ^r cA^aS^*«o $yx*& L^> I , *lGvl 31 u b jiS'^ji- 0 J 

uA1a«^^ o^lali cfUyl {£)&*£ (_$ljfc <AiZ-i? J lAJj^L-hO Ji(^UjIlAII 

A^mmjLaa)J oL*.*^ (^1-ft 4iCj 1 sGaawIdlA^ «A^iu^ ^^~Zj>- Ia^ _^l I L liA^-H/a 

. O jlj r^ 

{£} IA f A-*wliW (^l^i , etA^ Aaj-jIa^ I ti »Jj5^ jl aT 

aS 3 ^ AI^IbA^ I J2 aT AiAjj oAI j 

Judj^^A^Jjl cjlI aSTa! ^^S^dA^UL® \^-5jciu L^^-aJ^ .AA.*^ »AO 

cjIa^a I P y ^Ou^lri pL-**' A^J lj I aJJIT aS"c?I^SJ jl ^I^-^li 



^u~*J* (j'J — ---*■ i_J ^ ^y 1 0.}*^ j-^— 

*aj J^>- Ij 

. <X*Aa*a jjbLS ^Jit 1 4>l.£A 4 aa£* iX£# 4 Zj& 4^iU> *L.«* 4^J 

IjJ i_X>jl(Ai Ij (j£l>- J i lX1Zm>aJ cA^lo" ^jj_>-j I 451 JO ciL 4lJI 

Ja--.:* 3jbj t > oj£ . ^S 4~~r (iU Mo^A; Ij jT 

£^ls*ej^j$Cj4» jl 4$~^» ^ ^ ^4 I jl^* uXajLa J)Ij J 45 ^J J 

©l^j jl- A ^ c!Aj ^>j*aL ^5^ I . lXa^JjS>- {jf*Jp ^ jtjt* 

ci jVL J jl ^_19J I ol^bs (_£IJ jl_.*P ,r »Aa**)^,o uXaaS^ 

Ij 4§^aIo Js*-i5 ojl**i . «3 j-£*aa 6$ j> I jl j ji cA*La$ <-x^l<* 
^iljjUi . 3^ Ja-^U IJu-J ^liTjli 4$^:?J JJ j; * Vu 
bJ *DjJLaA 2“jl>- jl lAlil* 0j*^ 4^* AISCa* J-*.t tfl oA^j 5j*** J- 

. ^a^IaaA Aaa^J^>- AiCj !y I 

.AA *~*^3* 0c£^** I t-A^ctl 4^*15 (j I iS3J^^J^> m 4$J jl^^j* 

JISC.^ l(_£jA3 ^3*^3* ^b> *—■ - * M **J s-***aiC ^»)4 a *^> ^< a ^0j-J’ b^j**JJA 

^rl 4Tjjjb ^ajIaw jU>- 4 ; lob jXjlt Ij 4$^c-b jL*~> aI ^ . wb 

jl» uxjLft ajb ^f > ~3 > *—■Jb" ( - j- A -^ J3* 0j^ t -^-**^---« ft t_.>li^ jI«*bj Ij ^lj^ 
ouXiJIj oj^5 {^3*** (dl>4l*^ ^3*^“ Ij wi.>-^S^^\ a 2> olj^ ^^j^r° 

I t_A> I ^Jj lAaa^wa-oj l-o-A^ 4 S^^_<«awI v^jja*^ jjcJ uVaj 1 .- 0 I jjb Ij 

Ij j^j 4*$b oj<-x5 c^s y I l\^»ajLaa ^_slj ^1 j ^ iA*^-j ifAjA^li j «ao^l^ 
AJIjZaA ^Lj I j2» C^PtTjA iJb^U cfJ^A> ^JaS^cXO ^1 ^>- /o jJ-^SJA . 

, u\lS"^*lal7 IJ lft»o jlz*x ^ B> * 0 31a; 1 

JjLi» jj ^gtUji^ oi;l.» <^3j j ! &j** jI^ajLW 

alils ■5^"' i^Vlj 4.$”^fl a ^rl. cXjL*.i»« J^c a*i j^>" a»a^ 

O^iwJj5- lAiiXi JjJ ^Jj>-yk5 I^f^ ^'" O^bT ali»Jb I ^.jI y>- Ji jb* 

i*» l*|»"l . i \Sl~» aJj>" ^^U;! Ub^i (JojIj «j3 v_j^yiz>-) ^ I'al^L^-*.; 



i 2 JUl l A O1 3 ^^JuXSw* W—4**0 tA/IO****^ • 1*4 ^ J* 0 * j^-^2 ^ A I 

. ^ jt* 

0-^^f^*f o_^ ^*^1*$"" ♦ ♦ i> L^i* ji5* c $y*{* ^^^jf .j* I 

0^-—lAiuV^ j! ^a5~ „j!i-Xaa i»-5i\>- l> l\*^^^>- 4^J j^a* 

. iAjL^a 4a**^j [3a3 J3 jZ^c^S ^)ljl^ft 32^-+* '*~~Tj A Ojl^> 
a!C-IjI J.*).3 Jl>* . 0*^1 2 j* J^2 Ji t-X*^#j^>- 4$Jy>^ ^ilj»li» 

^jIaaIajI 0^*a*aA^i uX*^Jj^>“ ijf j* ^AUfcjjl Jaa 5 !^>*jl^^jll»mJ 

. wX*jI._aA 4a I jl ^j*a_^ (^L_^ 2^\t3^^2 uX**n ^ (—Ao 0*^ * ^* , '* >l * > ^ 

^Li.sL^W^aa.a o^il oLo^j j jjj l\*>*Ii V y*.9L» Lj.j I 
Jj9%+ JJ) Jk> ^aaJ iJuiL® tXj^Jy> ^2 332y^^ jlj ^;*I**.>c> {£\jt £ 2y* OtX*J IJ.J jW 
I^aIaacILj 0 ^ ^7^ ^S~(_^ I 4.J>q) I ^.laC- ^***>- ^a1>oI 4.S". 33 J^.+* 3y> 

^jaAJ jl ^IlXJLS" ^1*>- 1^)1 'ZJ^' J>" 2 2 j+J* jllalj I C-*J jZ.a j\J&> sX*^2m.l^ J) 

OLaji Jj^eA JJuXj l\*^> Jj>- . uX^lSCLa J^U Jj)-J \o Lj jA> 0 1 JJ*} j-^ 
^•-XO^I La J<3.+*+* ^3 I . i_X*SC*a \L+2 xX+ZnJy 1 ^- ^*aJ 6 iX;>c*a*a C-«o,** 

, uX*S~ ^_*la3 o - jll**» l«<a3 lXj li *>j.^ cfA*>- lX*> I ja*i) 3^njy> 

jjJu O JO J^>l^ JjSVjU* ^**3-? J ^ Jj^BJ ^ja?L Ca_Aaa> I 

i—ftJtaiiA cAa~0^>* J *3i . 2"* \Z*cXm* 4j oS^ J>- j> J_^®-° 

Jb aU A^Vl^ C-^J >*J - ?'Aj C-o.*^ (^l*~j&> J2 2 *zJ2 j>- C^a*« 

lil> » 1^^'^AtfJ^.A I . tA*SC^-« 4 j j 'aP iwAJlfl^lA (2) - *' B -^ 

- J>>-J - l5 J*Lj » - oU^** - (*Ur »Aij.^*aJ 41^.j 1^ ^_jU 

. 333J ^.*ja LX+£jJy>- Oc-L^ “ «s— ^^l>- 

lX^Ia^aC-xI^C-aS^ 4S"uX*.ii J o^-^^tXj «5 ^J>Cj^91«aaw0^oIa (^l4.1a»»jfcXl>-^Al^ 
AuXa^i^I^IaIS^iAa^^J^ (^I^ajIj ^j*aJJcXa^^^J>-^a# La.aAIa.n4 

ciL^ 4 aJ Caaa^jj c-5^a^S^ ^-^HflA^L-.* ^ ^C*a 



bl* aS^jU jUik w—l *->)/ Jl>- jJ*.** 3 I j 

_^>«a#*Li» £.;U ^*-5 »j^i» 1—* b til; j> •^j'J JJ'-w J.il» 

» AO A >-£3 y j* $>■ aS"J . Aj^Lk« A^ijj»- 

. 0-^1 ^»* L> ^1a>- 

j^w*»wo ©l* v^aap ji 1*3 o a^AT y^ ■)y* *—$ y*f$ o<-x/» ji 

»iXO ^^.Aatlili j£“ j^^*-** I . C.-A.J ji Jy fy ^ y 

L^.1 I 45" I J y* (JjUfe4l*,£<ljb^ji I (\_A-YjCi.). iAaa^aA y*^~ 

till l^4lx^ I • »-Xaa>^^ 4^J ^*ju ^ *^Ij sj$\* 4 X 0 * 0 ** lb 

»^b5"^ k -<u3*^^ At^i^wt AJ A>-.ajij 


*r 




3 i“; a a* 


- 1. 


.J^Lwb b» 1 t J^3 1 ...gap 3 Aj 3j~* Cj** 3 1 3 At^i.*j 0 olS* lAAlni. ^1 I 

Cjjl j :> JA jl^Jj All—A 1 .^iLo \JjjJiX^h (S^hjyj* (_SlAAl*i . C.~l^At Jl> 

(0 jSCi.). cX^.^- JuX*a Jy lj lX*£O^J>- isayU 

cXi yy,^y A y jl 4 *j 45~^*Lac> ^ 1 ^ 4 ^*^ ,^1jap ^Aa* \S^-**y^ 

Jj>-y ]a^>cA (_£LfbjlS^^Aa £*3yj2 A.S'i^a.*>»*6 iXj j 

^S^S> ^yLSS ©lidl*0 4jl^>-i-X^J ,J<-1 ,£»Ia*a ^aSj (Jl^ji 

^li.,J £~ jm* (_£ljb4i*^ LaA.3 4^5i^iU«i J^y <-X-**^i^ lj jIa>.^L*i t£\j» 4 \jl£» ^il 
c*«A y* iXkA^jj.^ ^S" i^^** yy*&» {j^~^ oj<fiXjLA ^1 . <oli 

cj^IaJ \y yy>~ i^^*AA 4Z^>)i^i p Ajc^lji ioi3 ^S^C-aaI^jI oAc 

0 A 0 a**w 3y^“ ^^b^ 1 tj^p t^libAliLi ^ I , iAaAaa .*.? 1 ^ a^*^j 3y^ - 

£*4j\a J**,)\ ^jA\^.>-yA 1^3 I 3^ tS3j} aS* %Za**\ i£*+&eC , yJ^A*A .2 jZm*A 

. O*"! ^>-y* At C)iy idloji J 

J*>-aS”('T,J\ l _}^i)»IA*tlL$A»it*i aJIa A»ij^^jljJJ y*3^^(jy- b* ^t_Al>- 

Ai.lt jlT jTl . ' >iMI I aS^ ; ;Iju»j 4aAl> . 1 -X 1 L^ ^■a.ST"a^.*a» 

cXil^i wam) A.^ j+y+tj «A^l —1 oij^j ^a9 J oil*jl^^3 

«H .. 4 ^ 

Aj'il>* o^3 Aia^l^jj olj'i 4$^*tX^Li (^jLo-*^ 





£»b a*#T ji ( *\j\ jCa ) *j£+» #Jo U jj ai*a.« jX-tr 
• */ r* 1 ^ c.*p«*« ^ j j, I jli jji I c-*«Xf 



f >t> cXa* 





o j Ij I JU (_$l^. 

-*■ \ - — w * * • 

Ju-L-* OJ^jl jL-i Jo- jl 0^ 

(j! *S l^lfi 1 ^I liAf.** 

JJijo- 4._ S^PcJU Ju J l .&.-£*> »A—O 

OjCjlT £-1 y>*ljl jliXm 

J J JwA/Q o ^)ll^ J I J5 JI < jl^o C-> 3 -J lA a *iL 
I ^\jZ^\ ^-jI Lai . 

I^ j£> _^l ^*.*j ^1*>" l^» 

AjadJ Jaii$ aLwj^ ^I>- <_^L (_£oiAt (^Ia-JL^L 

J^SdiLj j( \ * jJLk,o * Ijy 

ly \ y.i It Jsia3 3jjL*-a oAo L a5\ix**I ^Le-fe LJ yS* Iwii* ^ J) Ifi I . wXi> L*j 

tsbtaj c3y ° ac ^ 31 Ol-.$0l:^ 31 oac. Lyr. m j£+* y^Lj JL*- 

c\JJ)^i oJD^S”(.»jli.S^iJli> o £x,_» jL La Aj^ajl JJ5 . iAa^L^jo ^?l:>- C^A*.jtol 

^L*aam<aJ « '-X-*-£ > j***J OU-I JJJ Jjli] j^cl-o^i jjLu* jC«mJ !.£• jLl** ^*3** a5^ 

oy^l . cX’O^C** ll*^l.o.A* ^ J a53a 11—Jb ^>-ljjl iLA^^Lm* JjjJ aS"iA>3 J^.+aJj/4j 
La aS^uXa^L**** aLaJ *AUla I jj\* a5""lXjJ 0^ lO im^i ... l ^1**-^! 
J j ,J.1» oljU<« ^S"I J>»* 5 i) jS>cI« (_$Iao jll-^) I Cjl jl—* IJ If.! I 

( N N J$^) . Jjj Juio _J>- 



WM 



UwImA JUbltf jl) 

^lj-s-31 x-iy-£\,jjXJ u-\j_rt^j\ j~ *i.Jj .J \ \ ^ \ Jl->->l \ VJJ -l 

j-n-r ■>>■»•£ lSI^; (Lucien Rudaux)-’- 5 -’^ <jy^ ■ i y' , Jy t ij-iJ'*. 

jCii’l.) (G.F. Chambers) 

( (jAlI 




Juba** isjj jc- f 

djU ^j~£‘jj> jj ^n\» <!_>;ij t -> ; -j ji j*is\j j-s'^Ce _ B jc- 

• (Bronx park) 






j-ij 3 U Oy ^3 L«- *£"c—<UU * o'y ijt I 

jl j\j Ij 1 cJ&t> <«A| 

*Ajj l_4 J j\ ^ * w « J -3 31 ■ _J J * * •—9 j 

- A -~'J_>>-wUiS**ij I J-^T 4 ^>j 0I *31^ | t3Waw t£ | j» % _<3 j * * 4 £ ^ U»i» 

tji I) -C—»|^ I w_-i^aj Lj ,/*->>* -^1J* •* •■*?-* j ^5 

\ < a \ ^pjlrjj |^rl*j—ci^ |jLj jj t±U <i Uju#j 

• ^ • Ij J | ^C* i^ii l> ^ J~ 


\ \ 







oVJU 

4*Jaf-C i l* -idL J L—• «J_)' | — \ ♦ ,J‘*'--*' 

i-'jL*' wl*» JJ ^ <>ad|a». jl iSl^fj\ *&i£j> | dU-jj"" 

jeL* <_£_,* ll»^^lai y \ y j[^>- ^>.y* d3l«*i dG J ^L*<0 0_j^- 

^JLdoL— \ ^-ri j** \y *Ad t ^^ ? - L $|‘LlaA; jj £i| flJ'.j.j' £j 

f y m \}\ ^-1 J ^„3->Lw a " L *&> > lj~ I v -*^ p . pi a i-4** 

uW^ Li ^ l Uu^ij^bbLj |ja c—_ J.5f_>J^jly^ 

31 *o**L <*> 1**- oU objj Oyj °J* jj Mh h ?' 

( rtJ'jj')yi £jj L/jTjj \ a\A y ?** <5" \t r £* 
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7»|p qr^S'* <r «=f r 7 : r 









1 I f ^** ^^*-5 —\ N 

)y» £j a 1>. j_j»- * (jjLx£U - "\j.~.* s-Xj $ c,ii>ji «L* Li^Aa—i 

<j jU ij\+\^ «JL* | ^.i.) UL^J | tjllS** J IjJA ) ‘ ft 4 «*0^* J La <S^| (_£*A-i-# <il^ 

■ ( j^.»a^j «_iiS'j > ^_jhS' l y |^ ju_jlj'jjy jJu*jL-. \ pJ 




oi-c«r 

jj j) y^SjA ,j \*.C f S * •■lS» ^j-1^4 <Tc^j>Wj —\ y*jS^^f 

*a*LL^ j> m y+» (jilJJ -0—1 <^J 

J j* - J j*»j **Li J J 0 J^* * * ^|«^*» j* ^ c l«i«4 j^JL>- \j Hj ^ Jj 1 * 1 * 

j l* ca^<J^oJ)>*-> ^ O-*-1 ^y~*y* Jo—j «L-- <CJ 

aUC..^ 13 <] U--U# J ^*-j‘ ^j«.C(t I ^ .-Oi>L» *-L£t j 3» W- <■ L»*_< | • Jtl*«* 1-jJ ^Jl« 

<i-A ..4^, \\\r°\ ajw-m x l/jTjj jjijjU 

_ i.» t5l> »jb-» ^jliSLfS'jji o'_r*J J <v j r\ J o*l"\ \ _w u'l—»- 

(.j^i *j*Z o|4jl^» X . : ...> j I j3 <d)Lj jK\jlr |-j _ l / , jjJ«i5 



• «r,. 




j»n 

J Oil ■'■'•^ tSjljJ o'-'i J ‘iu->- fJ ^1 -\ ij^- 1 

frj* <5'|j t £Ue. L JUi ,_Ja» ob- ib.J \iJT*jb-JJ j|-C*| . 

,*XA*A^4 j i— O 




-i/ac j ^ ji 

iv A V <*"(Heis) ' ®J £ '- i 










JlDIa 3 jliaP — 0**l cXO ) 1^3 I fl*J jl aS* 0-~jJ* jl««* fl) ■ijllaP 

*)<)•* '-x-^oj^ jl^I . ^£'1*** (jjj^*-x.»l*i jAj jL^ljb obi*** 

—— <3^3 — (Sj*£** — — d j*3 — ^jllafr jCi cSl®j{,b Ljyii 

•uXi l> Jaj a3 AS*i-XijjJ> (_£Ji_Xa> ^jj!> J £)y*J • |***"^** ^i^lidy>*Vli J{Jy*4 

. 0~ly:>l; ^ 31 IfS l <Oity ^yy^Toy a1m»Ia» 0*0 IuX^** . wX»j^.-j 6 
y*SAy^*l*> ob^ *o> ly* Aj ia**^**^* <-x#jl*o^j Jl 2 -j a5"”(jI^*jIi**j ^A** 
^;lju^j-xi j^ib. ajyj» Jo- oJy ^Jj ojta aL?1* j^jj Jui;y 31 _,;u 
^a-vSn:^Li lj 1^.1 I j^lyOi ^ ^lb ^l^i^yli L*l Oj)Oily aS" 

. uXj^-O* ©»Aj J> ■ JjJ) ji ^lyj^ JuA* yL£*>* J J \&Ju Ow,«.b 1 ^.ai I . jb 
^_Jlp I jl Jlf*+* IcXa^ J** ^1 b 'wl lj> _A ^t-XC- J J.5 ^.1 Jb lJ?JJ2 

lxj i \z$ & j I«-Xj i ji^^ j ^*“Ai ASbyp^Ao.^ ij oi^i***^ ^%i i 

-jLSY ♦ ♦ ♦ ♦ ♦ op ^*^l>01 jy l£jiAaj IajI Oi I y^j* y^-i ^y lSjjP 

lXC-I—>» iajl^ii JJ A.— ^H» I Jl>- J . l> ** 1^.1 lr ooSC^a Jl** A t iVi y* 

. iA>» j\a A4*9 J 0-£*£» ^ lOjJ y J 0*pI** jl^> jl Jy 

jy aTA^-L . jjb^loy ^Li^l oyl —a cflyi jy A$bj^ s^^bw OpI» «a«1.£* 
iAi 2y OuX^At ^frLe J)IlX>-I ^Lti IaI^Aj . jr^w ol^>* ^-o-O^ l> I aTuX—aS" 

^jbfjV O^Xo loi t^l^j Jy 6^^ {A*» MYo Jl-^ Jaii lyy 

Aj" I J^ai . uXi^L^Oa 05.? \J>j*& lS^ j* ijj 0 aS" 

* ft* Ij 5 ^" 0^-9 jl A^y ^iili &j**y* ,jAi ^>-lj 

(jj^yJL*. ^bjly l ^L-.a® Ij iSJy JL^» l*ai olil^.* (_$l^i 

Ajl?JJ J+AykJ$ r* ♦ ♦ ♦ ♦ l»jy aS" 0*^1 li [J>**J* 

t£jy J- v*iy Oily yia . «Aa$C^a Ij I (JL,»^L Oi-X^ ^ 

« O^lj.^3 L»jl {£jyL^»*# \ »***#(\» J>^-io)^V jU i£j j! I b • *^jb Ai^liLftli 
IwAj I•lO' \ m *0k *4ii uX^lS^ aS" uXlil^A y^A) l/b®jlo< 




, t-V. t AuXO jl,C> j\ j )y U.ai tAOl*— 1 a j\ 4.1—1> Iji 1 ^1*T 

• ^»> >A( !j (jl*.—T4,5"Jki La^ lalj ^*aL«a 1^)1^.^.J.S \j> I Jui—»jl>- ,jOa«*A 

-(3»1® 0^ A33—lX^JJ Aifcl^J ^I_jjl A.S'tXi ^J yeii iS^iJ Iji 1 Ia^ j—A . 0—1 

. aJj ^£~a 

LS> uXjj djllaj I L> ljfei£j«dA I 

^ I (^l>w 4$t»X ,3 ^.£a**j *i_XO /o tiLj^ 

. oL**jl j*Uo 

^l^l>* ^JiAoAj c^l jl c**«) iS j^o JL* 

^ olXO (£j*+» j+»» j\y tA^lIL jl . (j\z+-&y£ 

IolXaj dlo^J 4^*t_XO ^ja>rJtmA J ^lai Ij L^I>-^J £)l 

I^**aL.** 4.S*lAjjL ^^^1 l£J u\Ait|.Z^JJ AO A-JblJftl^ 

. lX*JlA^j l1 jl ^***1 jl 

i£J2$ . iA^Iaaa o(_ jLlaj>iil> yi L» j\ jlSjb- 4L*ls l£-?L*j j^-^u 

lilo^j lj djli*- lilii, o**l /o jil 4 jt t ^ : v’ ^ I jl (3^*? 

1^3 I jl JL CJJp- J2 4^J I Jbo AOJ La ^Jilw» .k>- JJ> liL>lj j£>o£j 
j% o* - 1 ajs L ^ . lx^L JJ3 /O (ilj'JJ jl ojbJIjy 0-1 ^CaA 

4j>^A.^ uLi^-JJ u-fI jS~I mAj^TJ lX .O.. A^TaiAj^i idL JaS”^IaojL— iXtlS" 

4.;^ ; ;ljlui Ij JJJ OiAi^jl^L J (^lj4o^l*— ^1 ^- * -. uX—1> JJj La m i* 

. jk—L aa j L^i I jj<j aA— li j.) jjj 1a j I a>- 1a «jli— IjiXpli 

J LXiUAfJIj4C ^Jl liiSJJ U ejlo- tS I y~+* Jiaj c?jl» JJ 

<xi 1> A^- lX— l^«.i ^s^m— Jy&> ^»l 4 O—*3 iS ^ J, 1 

j) y.±*i*6t I . 0—1 (_^uX>- 0 I t^l^j aS^ (_Xjl . —ft -*L . S ^—abaa jL~; 

(_fyjli J jIlXaT ^JiXXj <A»^i jSCi L$J iSjft (_$1j.j )j L>-JlXIaJ iX»lS"A jUaj OU-1 
j.(lX «—j (S LjLjj^^—Ai' o ^:>VLj a5" ^isj I j.^*A lxo lX*»I^> Ij jl 



3^—J llh f\jt I . i^lftjlj 1 L$l^ • 3 I*** j*S 

*yi> j (_c->^$w*Ai’ *r J^^fti’ l*ii , Ji**w^i ^jilj ^JLm.iAJ 

Joji {£ji 1^+^ cjjSCLmA) till (JI*.aI-/-I j\ ^J3 iAO L^^JfcI jI«-VaI' 
. l\,m.^aa J l>" iAi ^Lr Ia>o 4,1^1$ jj 



i£j*A* ^JT l>CJl^U.5tA — ^ X 

i^L ^'■^" pi " ■*■ 1 aS”">-XJ j >jjtau l^> jtA*> « J l»i i > ia ^ AjIu a jH Ifro^Ll—# A^Ju ® 

^j_j 1 4 . Jtijli ^)ICo <ilj _jfi> oi-Ai a^j+i fjjJi_5 ojll-~ L 3^—“* 4$Cj JJ> 45"~JLiL-j* (_fl4jLjl 

JL-W 1 ** l—>_yij aS*") aU..*j\ 3?1 c5*" *■* 0^,3 &y'j^*iSj^ aA-^u^j [a^jSCji 

i^>* Ji —I OJZ J i Oj-I® a jl *3-3 

<iio3.j ^>—j kS^) m “ i£^* ^ b aS^oL^I 4 Jl^--“ j 1 «— oJlw aI>-Lu jjoa ^jlxs ^citlil) 

jlTf* (jjVLjl a5^(_jLlLj Al-ij^ Ju o3 4 (£ J->* Jy.j* 0^-“^ • a>Ui Jt^«L--® 

f(£}j i^->lA—l^c—*3> £)Lj 1 lfI*oi£^j 

. JtAiX^o (J_)Li,i 1 jj l 4-L— o Jn L— oJti 

^TI * o.)^*.i ^Wl>-I ^ ^^l^ojrvC- <^>-li !j J j* jt** {Jf 9 jp 

3J ljl|jliL»- ^*1 j> 0^u\I>- ^3^i C-**l ^-Slj jjjj j* ^ ^ j>J % 

• I^A^e 1 o3^- fc ^’3 , ^ 3 ^H**«*J ^3 Jl>l 

'r-iy cSl^L>- elCi ^ JJJ I Jl>- 

. iA— j»lj»JA L^Jtl j>- jltX*7 ^jo lXjJ Ij li 

ft** tX ’. J c;*L : *' fc} f? ji ^ A *® >5 Li^j^,_^ til* 

J5* A— Aftljsii aJjjsll*^l^>- jIaju" ji (i_j.5 ^Li- Jj—JjJ Jl aT 



rLjl» 4b I 


^*k£ , 


lj JJj.^ obdthiA) oiS'jii- iA>- (J?l I> I U I jl (_£jlU mJ 

c£jby 4 JLaj ^1^.**^! J)& \++.j*» Ulc ^j» I . iA» \o$ jt 

j&> L 4b lX1-.*j^ j^*J 14iizs*cA _L>IaZ> ^ 0**l 

AjI^lXO ^J**.&a+A ^i^L? .*A++»J^# ^^1*51 4j A* 6 ^r>-Vlj jJV t^P (JyLj 9%*+» ^>o-P 

uX£»L J^ji.> ^j+*J52 0^5 4^jLj>jj 0*«m) 2y>-^ J\Zm* i£\j\ (^uX>“ aS^ 

^.1—aS" 1^.1 jj ^Co *S k\+**j (^IajLi^i ^ ja j^_>- jl ^)l 

{J yK~~+b j+& 4j iLa*£ J AaaS”*o jliij ^o Jl> jf^j^j* ^ j* L>^bjl L*<S* 4,S^^Z9J 
^lsu> (^IdAj^^j J ^jy$l J3 _L?ldJ ^*aiu ^ iA*> IjlX^L ^iij^l Ij 

Cw**>* I aSAxj l-o.** . Q«ma» ^^a>o-Z^o (jbb a,S^i-x«mi^^*a L*£* 

(JI^Aaa^IIj {J**** • ^fLj-i*» I 1 tXk*S^^O _)y*A\ ^} 

J\*Jt^ l#>oj (^l^jljLji- ^ j*Z ^ ^1*^0^ aS^lXwA^ajj cj^Ss ^ m . L j3 

Jy«a* 2 uXO^ ^ jl 0>$V -? yf* 1 C-*^l 

. l\>j> y.^3j*•* «-x> jb *^Ij I l£ bkii l|-o 4,S^ lX> J) 'Js*m+M 

^fljbAiwwJ lXajLa aS"o—**J^ ^j2*+px£' Jy* ^CjI 5y>"j+& 

oiX_.~fcb s!Z«a^L1a J «a*> I cA *^ *“ ° ^ J^~ ^ b jl 

fLb J •AlSA^.a l_|.J I aS~ ^bj • ‘■XJj^aA 

oLlS” J oJJbl^A ^Je f ^ 1 Li I ^ Lj.i I (3*5 JL** oL>ia> ^ uXud^wi (3 *** 

O^ 1 • J '**~*“ L5JJ5 c _ 5 4^" c5l^>_p" L^La »jLl**i lj.J I jl (yi**; ^ 

.lXJ j.^*,*aLX*oli *uXUIa ey^j>- lj£- * J iXiI*»A »jLl— Lj-i_»3^°jl >—*$"Ljj I jl j* 





^Cli) j 

,J.jL® jj ^'.^" (_5^ ,: *‘ 0^-*J J 

AJAj* fiO^i ASjh- _J)^r A^:>Li fj ; ® 

s> 

ify*> l?Ij; jlj* jl I 

. lAliXi Jjls (il*^J» Jy ijl 

^ cXaW Ia ojl aC-AA aS^I**^3 

K^J ao jS"i l^;TjJ>(r 01 ja 

. A—i ^ ^ ifij Aaa*>^j <_).a 9 iJb-w \ ♦ ♦ ♦ 

alL o.if’ ji a^^a a>aaj.^^**I a jIj^i (3^- 



, ©A^ Oaj \ ♦ ♦ ♦ k^>^ j>j+tSbt \i+**j.*$. 0*^1 dA^i 

o^Ia^j . AjIoA j a^» JjI A>“AA c£^ oA^-’*^ 0 b^oA^I** ^yy ^5*J* A^ sAP 

ij^^jl ^ C^J*! Aj' 0-^1 (*AA A>OA jl l$I tiy+j ^U.£» 

# 

. AJjb jly A>*AA AA L^ir AO 
Aj ISCi^I ftAp*l» tiblo-& aS~J jlajl^.^ . AjIoA^aj Jy*a-> IjL^iLo.^ I 

o^S^^aJ AA ^5"a (3*^ 4AA C-JU I Aa^cj 1aI>^ l> A^*~^ A*^- 

, AjIoA^xJ £-*** ^ob*l lf> I l£^ j\ L^-ib^O (J»b ^)lfcl j AlfJI^ ^Jl»A 

»Aj IdA^j aI^A AA Alf (£Jjk>" (^l^-jll^A l^Aj-“*^ »A.oLo aS*” 

Aa^L*aA ^%-Lal^b jLa^m) AJA^ (^Ia^A ^jL*.** 1 A^ASA^* 3 AiIaI^IaJ (_£AA*A^“ 


(\) — Ptolemy 



^a.^ ja>- 4$* '^y^T •_/^***^ ^} 

, AJkA** ^j^ldiJi A.4j*l3 (jfli I 33 li J) ^*4l«.A _Ujla2»- Ij l|j I J^A^* t_5jl^l* 

I ^-_j „J Aj.)^*«*a 4**.£j J>\ ^>- U \j ojll** 41*0 ^£> A.Jjl ^I^jL^jI 

l> jiAC'^J I 33 . 4i Lj.) I 33^^y*^' > ' 3 ^S"o^l .J£v.£m®L® (Jyl j> 3 V-^»3J»C-JLla*.i Cam! 1 

lr o>ii j® ob I^S" l\j 3 JyL^ j^-*u j Ali^ta ^15**^^5 < f^./* 
i^ai C*po Ijb j+Z*3 "^3j\ l? j^“ *-^i L^ j>~ ^Lljl • A~*L«» ^l^jl 

4i*J!iilj . Ia^Ap o3y i£ (j$ t_) jAC« (ill jL*I>l J^I^j jACJ j^<iii 

cfl 4;L*$I 0A-* 3j* ctL ^33 ^ * ^y y 0^j^>* c-i* iL 

^L*<®^J ^A*^.<^ I J5»e-u0 -Ujl Jl» ^Ju . j.Aj ^jl j l t ; I J& j- 

j) ^*a*j (^Ijj J AJjI*./ ^*JU 3^>‘ <—^*^e<« (3-^ L5'°^ ,Aa ^ *—**/Al® ^yliC* 


■ L5' 

oA.£» c-}l_5»cli 1 ^# — a-® 0**^1 4—5" C-***~1*aj cA-> 


4-J j AC 


O^ - *^ 0-^ 4**-** 45" ♦^' A*** jl l£I4a**O^I ( \o ^Jl- k * >j ) c. 

(j^l>" A^L** Aj ^1 Jjt j+3» *Aj 4**^ 4^«lVl» 4,-5" jr^£* t5**i U ^*A • C**A 

^j*A^>-l**i^^**> 45" oA**> j)l ^ji . 

(Jl*>- 6^4? I J^l 4.^flj J^SCjI* J_j ** ^Mi9aA 

L-fiA, 4.5* AJ !oA*X 3 ^ iAJ j CaC dlo yjj 

^—***L^«J I cJ^5", -Xj IoJ) 1 ^^<a*^Pni jUi 

. 4aamI«^ If* 1 (3^-® i^^AjL J 1 ! *.j 4 S" 

•A>A-**fe diO 45wJ^Laj 3y*& ^>1 4S^uX*i JiA.-® 41J l 

*'• - +> A^*j ^<® f 9& <k ^'L" i j* y—&*& dl; 33 1 3 0 ^ll*^4>-*j tjg *^3 JJ^S^AiIA 

^ ^ ^ (_?^ 3 ^ v -*^ 4^ Aa^L 4Li>l^ )j 3 \Jh^y sl^fUA^ 33 ^ 

jl (^Uli-u^ 3 ^2^33 olij \^*OLfu . A^l »333 y +»3 Ali-l* 

A> lAo^i £\ ^ 3 ^-i-»-o • Aj J JUJI I ssuS"j> 6 AO4i I^ 



(.-* jl JJi UUdl^jl tfl.jj. a5Tju:C : * 

. I liij £j)y*° [+£*J lili ajLjuTl^ 

(jU» 4jL*jl *$" (^bbojli^ (j^j % 

JoI 1J (ilojll-w w.**l ji oJ>,£j 1^.1 I jl j $*"',5 

jl j* J cX^L ct^Tj J ^5"" 

4.—^Ljjlai l\Jj (_5^tr > ’ ^ O^*** L$l J* oJlO 

. o~*l JJjJU L^i I J>j l 

I (*J-*"oiAO ^JLo,*** ®JJ jlyi &iS l*~_p- 

i^c ; ; jj ( W ) »j-~ ^'b Js _,*> J^ls £jJy*> J3 Oj^ _/* d$b;, 

ojll** Oj^" ^ s —^ ^ y*^ 

^ I ^(j o»-I ©ao csloJ#^» 

JJ I jl lib 42*0 . 429 Ij ( W £-.1$ OJj*^ 

. cXJLoJ^S^(J>lj*4^ jO*i J uXiloJw- ^jlj ^C^lX$Cj A.*o 


(\) — Omega Centauri 



(VWr 



iailLi jUrl 1^*" oiTte-at (^ 

ojlL*JJ^ksddlJJ LXliUjL-j J*t}l|yAk ^ 

^ ^ l *» l| > ^ Lwlj ^ JjP(*A ^1 

I^1L>(jl-lSC^jT JZ&!Z JO^L Jaljljj I 

O—**> ^ySjBJU 0*^1 J ©jll** jl 

O^ - ' ( NA (J£^ ) • ^y^jl—naT ^I 

4^_lj cX^Lwj ^_5"'l*w ^l.ijC-.^S*" (jA—^ ojt- 

LsLflj 1 bS v_! J jUa^J I ^4 *Aj ^.5 ^LA^l*S''"^jjcX.fc£>’ ^»*Aj 

)(-\S*^Jb ciloy yi! I* »Aj Jj >-^ijC.j ©jll** 

* uxJ^r (jjixo^iA^- 

(Jl—** ^^*1** TO* ♦ ♦ ia.A$ N ♦ j* ♦ • 

\Z*£-j*+b ojlj Ij(_£o„Al**»J) uX^JwJ^>- 

L~j djIiAJ C J C5^- jlr C * 1 Al OjLaOJ . u\j l Ol\2* OJ jIajL.S'^I 

J ^y ^lili I A,5^y*9j..a O—jlj Jj lj . C~J O^j ^y IaJjum 

aS\iu*A c>j I j>- j)j> ^<A*Jy [SJy3 Cjj\j>" 

<r 

V^.*“l eJj» CjOLi* jI c5U:*-jl, }“ 0 J- 15 I>ciLl>- . 0y ^I 

pa** >U^ 0 <m*I ©.3^ ^ ^yuX.oJ *-X-^l» ©<A** lA 

. Ju^Xj olX^j 

(^1 j> j ^aS ApaiU-« £j»I ^y* Ca^j f jIaa 







(Hercules J.9^8>) Jjfyb olf jl;- j> 

O^i. ^1 .a-ili jj-lJJ «jl:- \ . . j • . • o-l o S “~‘ — \Vj 5 -- 

^ 15 ^^ 1 ■ J *u-j L* o•->■ _)j * 

31^1*3 ui^l Oj^I ^joi 

•uo^fLjjl Ji|j (Cro-Magnon) u>-^l-*_X J l J : «jlo»_,j <iji- j ,_| 

.0-1 0>- p-O <-: |> tSL* |J w— |j jl^w-ae* (iU 

-1J* CJ-J- l—i 0_^l—* <^;j| |__r; *-• 3=- Oil lSJ> 

jutljil* o-ojjj i_jLieL j 5L-*3| ■**; f V\f \ '»JJ j^J^T ••->•• • 

C,U>T <f"(**^* u' -l> ’ 5j_>— -»|^i oiLjJ j * £_!*— iSJy -^*»- 

<li J <Ii> £ (_£ | JL»J< w' '^ l «— *£'•*•*• ^ «■*— % J* I l>* 

. X^S JJ I—J | ^ l~i- •**.*£* yj y L» | J}} 





jt&jj&ytM oli<Jil«a> OjtauliT 

<JaaJjj |j oIj Jt j~- »jb—jU JSli ^ 1 ojLi _\^JSli 

ojll—J X^ _)y*~ (SJJ | J c£jj^ ja .-AAJ O^ c -^i J y 

i\_y L5*r^ e | Af^-I O-l k** 8 * 

.O-— I (*\.3eJ | <y ^ «*A-^ 0 y£ I t aj y»A <—*1 j^\J3 

■** lol-s^^^K-i «l£.i; |j pU»c| (Moulton)^ 1 >*-> (Chamberlin) *J 

. xL *L oad> oL^j L*> y*(jt | j Jy*" 1 y ja l ^a» L».a ca1»- 

J J —• «>« a o «*a^ *^3l ^ y.y^ u- 

i_-)lsc— jj fL~3-| ^_| . «odj p| y ~>-1 JJ o>i^' 4 \ •->• • • 

■•AiiU-A-—j_^L _> A *-^31 J^L- -b\j» f|ai^ <rJO- ^ J jb- 

| j | jjj oa_i l^j I >—i^i | j aj Uj ^ \j U liT | ^ l^— ja | 

ojL*Cj o*w -o— \°iy o y^* Cj\j\j^j^ a ^'u\ j^/- o^o L* 

ola^^r- U 4^.j_p- <CJ iL-jUt-ja £» I 

*L^njg y$ < ^L^- dL L jj.^ .« 4 **ad«-u j ^SLs’ c/d»OJ *-5 ^o^j 

f|aS^ j d*— | o_^> £-**J t/Wfj 0l J £ j** ^ “A^ 

>l» ja«—aj|oj-J J. : « .C7 | ja_p- oj|_jiU-j aa^» *1^ 

tjyJjj^yAC (Virgo) L 5 S ^ i,: - , - > >^ N.Q.C. 4567— 

.•aA o^U- u*^ Lp^ _^CJjL 

( cT^-^ <3 31 -/^^**^) 




HTC*mt\ jl 4ACil4 JJ>- ^>1 1)1 

$XwL« Jls-J.} 

o|jL- L oijj cj>£\j *lj o\*f j- »j':- *£ J *3 \jsli 

<5^ (j I -*Aj la ^5 Ij l^ai jLa-JJ .J|>;U 

t£ jl *-“> ^ I L olpl*^*-|Jl*; °a—£«». i»- jalaa~^«j ^A IjaijJ Jl^r Ji 1 

^J-S-L, ^L^l, jlii | cl.c-l Jla-jj i^Jjlrf." ii;ji <C’ l*; Tj| J-T JJ 

^_ro-l j-J>l»- l_j 1st—iL 1 _ f -Cp jjil <al | .a-iL »a* I ^il 

*_J L*-“ ^1 la(£a*ij^»-ol_yJ U- Ij <—»lial* l£ ^Le--L 

. -iil» tX* 2 r Jya- J\ jM j| > — ■—“I J a*xj l|V-io£ 

JCij ^ | U- ,j I -^lS^- ,jj l _ 5 ^'.j| 

^N.G.C 7479 a^* ^.Jl) *-io 0^^ 

( j>; _>x <<l»-u»jj| ^C^>'L .»ai *zijf ^Lj c~l* 




oU jl}- } -• • j*J Jj'l ^M.IS )i^\ ) C *»l Alilj 

JZs,j ) c. •L’- £*\ j* y)j\ 1." ^L: - \j C.j.5 Jsl Vj yblU 


•A* ' 


eix£* c_^^3 ^1 ^.aI C)\3j** Sjli-l jy>- 3j^j> 

L ^ a^xS ^Ja** f jl jltAiLo . AjI©,5^.<J oAIS ^y Lla9j.3 j} 

J3 . 33jt 0^ I 410 I J^lt3 \S #a£* c.jLi y L*a9 J2 OA-— 

. AAl> oA^* AJ y> ( \\ ^J£0- ) • j&'+a L ^Ji^-yA 

A^—^jsiei oA**< 1_^ jIaaa ^3*3 i_)l— ^iA^> A>1— 

o At , j t A_wj *•! S-1* * \^a3j3 p* t£-A--r j jIaa* ^Ij A^U Aiz£y 

y-J ^9jli ^ I £.9^0 ^ d -^A«i £» J y>- AiA—J^J 4 L 2 —1^> 1^ c£A^ 

. A> A^ ^9 1*29 (_jL*.C-Vj 3 

j~* 0++*Jy?* J}3 {j,'^ x *‘^ A^A_^ iSJJ ®A^ cA* j\ ^**—*.9 

4a1>- 4*0 j\ 4_^j J &\a.i A; AA» Ojjlj AJjIa I .AiJ^a.5 

dCj<sb b AO A> A>- ol5^1s*e<»jl 4.5"^ >- J (_£ljb4.fl]j> 4*1 J I . Ju JkJl^a aAOj^J 

.O , AjIo^j CjljO“ aJ^ jcljbAjil?” A^- 4.5 A^.1—Jt> ^j1^4aI^-^I jtshne $ ^9^ A*4** 
. ( , \ A jJ$C— ) AiloJ^ I jl (S^JJ 4.^0 1^.) I Jbb. ^Aj 

* 

Ulc- A«j All O^j — AOO^*- jl (^A^*IAj>“ JI yA Ai^-^JIfc 

^)l ^5 ' t » . Aj A )3 / A«x<.a (3^^ 4^—1 cl, A a J J3 ^ A>loA^» ^ j»* 

CjlA* ^aJlp»- I \.+> jjb 4^ {S^ii3 2 A^* ^J^AaT cjldo 

. 09L ^J-^A-j ^y*> \ 0 U 2 .A 1 AO yi 

"»A^lj5*eA £>Ia 3 A>ol>- C,'l- la9 I ^>-1 )J3 ^a!x>ba jl ^^jjIa/6 

ojl*Jl^^9 ^ I j*-* jIaa^ 0-1 ^yf , '-^ t « ^^.1 A a ^Jj>*^I 


4^--J I (_^l .) £ X9 4-0 tyX- +. 


j k^*ji l>"^j i 5* ^ jr~ * A ' ’A^' 41 ®A— cjlT^j 


*;l> ji A t.^Jy>- * 


.19 4 A 1 


\s*y 


^jr* ^ ^5*> {JT** ^ A.^— Jy^~ jA^Jbl j o jl—-“ij jt I 

. 09 J J<j jl {S^jf jiilTj A- l?^A9 Uaina ^5" 



Jji} J J>" clA^lajjl J- l Jl«« [h JjIJL* 4.X_li Ijj j*l«* 

iX^jy>- l>-jai» . jta 4»ljl jji lj J_j>- 

y o.b J^yy £*10 jIj o-o jl Uj y* i_oU:* ^ia;' aA «y (J « t is Jt c ^»^.i' 

• #****» U *5"ao/j aim* 

d^*«» CjbJai c?l^i Cj^sU—» JL" ^jjl A.S^a^.^^j Jya> 

^j& libI jyj C**»l 9 ^y (SJ^ ^ ^ O^ 1 P u e ^y 0>-l ySL> ^li y 
\j j ai loOJi ojla*^ ai l«a>» 

Cjl*laili y^.Ljc- j>^>- cA*W$ «_ja>-l» i ])y <3»^ ^»a» j ail»j j ^n.< iSy*" 

. ai a **. « a 

0^-?^ jL^J^ I 1 AI 1 1 cirJA9 :iljj» t3y 

. (Ju I 01 AA ^ Jl»*J J) 6 lX£0 JyXtLi (Jl**i 

^\Ai j iS^j* ^y^~ i3* m<D ^*jcX9 j •* I jL4.flj«» I 

o2y f l^>*l ^>1 41*) IJ y>- V^l 

(^Liaft^r I \j Ifj I La 4.5"lfjlj^9 jl . Cm**! AlX^LaA^jIs^I^I^^* I j\ ^l>*ljjl yt} 
J>l *JjjA I . O^Ul-l**** y J>| y*j\ (^lij iS^J^ J ^ L *|J ^aaLaaA 

t"jljtLaS jv *• • * ^-«aP ^ *AZ^i-XaA l3.*-».) ^\\+* j * IjlT? t_J jIjw l*> U3^ 

olji LfliipcA lXaaS^^jIuX^ISvwI Ij (^1 Jkj isj 

vAJlX^LaA OjlA-ia^l^i 4^1*9^* 

• AlS^IL *j ^A) cXa>L^j.L?^i^a o^S^^ia.A-J^ aXal^j IjZa*.) 4.5" 

. l\>I^aA ^a# C^Lwfli ljL|j I Jy J lX^uX.m. .a 

^Lj^uXa^Ij 4a^Ij> JD^^" J) u^*uJ^***.i (,_$ i^r 9 " ^cs* J 3 i-M J 

^ I Jl<*> lyj *._>■ 1 o*“l ^s ) dCi*- cA«lai c-i*; Oa-i 

'J.pu I Ui . aij i^jjo- \j J)\&gM CjI« 1*3 jLli^i CjI 

t& IJ J j?- AjLma* ol<*laS »a-iu.^ dS" Jjt 4.>- < •iy> l _^ m Sji- 1 d-i 



cA*loi lju^>• ^*aI**a ^yl***T Vl>-l* 

* JZ^) ^la** j\ cH> J3 M+»yj" JL>- j*J} <i\> y J i)j^> {jf*** 

. l\I I©Aj^ jl y?* 

• iX—i !o) IJ y yk \j 3^1 ia£ O^ jL***0 oJt^ ^}jy *j> I l>-J iAIa 

j ~^J »iXi tSjfi Ijj I j2 j*j *./il>- *_j9 »*x£ ojLj lj.; I «>»>• £ Jps 
^,>-J «iAjU> (_) I JJ 4.xJj lXJ I oiA £.1 ^jl>- o 4_jlj.<» jl^,»jl a1***Ip- 

(_jUi;^-boOL*-*** j> t?L\*iA>- ^Ijl .ijilsjlj Iji^jl 

. Uilojlj A,aljl ^Jlejj ljj_p-^*.~t J3-J jlTjl ciUJU JJ Jsl*w» iS oOi 

.lXj (_£ 1J IJ aS^\5 1AZ£<IJ v aaJaC- (_£JlVi2i )f jl ol^S~jl J 

*S ^'^j; Jj;^ - Oj~».J- - (J>-J — c$ ^j*.«La ! 0 C. 

. 0>*l oAjj iSy>“ (jyljta A^>- £jjJ^ 131 ^ ^**3 

J.5 , A'0 U ^ J ^J^~\ ^jJ J A^aA> (S3Jj\ oit «Ail^> 

a»*- 

ciLUj 3 >A^ ^j-,aJ fA*.Jb J oIa (^jli . A^,» oIa Ot^ Ou>Ia jj 

. 05l» 

^1 L*i ^JiA^Ij 40* IA ly» A.S^vO^ If «AOj ^}jy (_£JiAAj *Ia !wX.^aa^\ 

{J^j^J^ I^aO^a 45"o**I JJy&l C *U ^ A^liiP lXUIa 

j*} a.3 j-» I^Ail at* xS^lAIiSwa 

c^IuXa^^ I j iiiojl (^IxJ^i^* jO txJy ^^LaT j\ y xS"^*5^a ^ 

A.Ojl*_Xjl^ 0^1^C> o3y 

X_oL> oi*j 1 A +2*jy^ j^*Ai AiUU } 0<^^ C)*^^ oAaS" 

IjiAj ajy IiA^j A^>“ Jj^bA JJA J \iS jl jl j I uX> uX^« 

ljdl>-^O^-i^Jb-U^O-l >a> I JJ «JdU>-^fc jl A.) ^lTJJOJJ *A> ^ ^J 

• lj^;Sj^;J eU 



) J yen** l-A> ) 


j>* wX* Jy Vli y JHi ) A,S*-.*iJ i y 

^-.-lai (j^jy >■ ^4t^ rA:> lyllitA* 

l*_it . uX*iS^^>» y^lo U <—j' j O^** ^ szJ& j>- 1* ^)-x> 0^ 

i£*t! 


jJ 


Jji’j Ji— iAJ»l^s- ^.mi j» 3 ji #jj ^*.j^yl* j*°S ^ ill 

3»lj ij^3j\ j ^-1^*1 ^j_I j.i- I^ajj cr'^" j 

y& OJ I till l_> Lo.— y& £)[.*.& J3 ^ I . J y*&*m* C)^ j** J OlLl^lIkXi^ 

E 1 -* ^*- >A3 uX^j Ij IJ yj» y <-*+> 

c,A^A*> «• oL^I*j jl Jb 0^*'*^ LOjI 3 I Li ^iL** J* CaJ I tflj^ 

^ C-Aj 1^.1) 4j . uXlS"^* ^ 1J ^uX$ vll-<®C^> ^Al IJ £-»-X9 ojXl—-#*»i 

0 

^y^>-j*>jz ^1*01 fj"V o^-o * ^Urjl jjI^i*a ^ LiyS* 

CjlTj^^ C-J f;V olijl ^yj- ^ly ^-A5 yjyj^ i :>jb 

. t-X„^,S^—.*,.*9_^ A^VjuXaSJ* jl 

J +Z+* J^) I lA^s 1 ^ $J lib i-XiA>y ^1 JJ i_)lj <Xj Jp%i ji l*J 

Ij^^i jZ£-+> aS'I/LI** . u\5 jta^ibu jloj iil> ^ibl^Ji* (j,^" • ^iy^ 9 

iAjj!_Xj j) dl-.^ I lj ^^UiJ olsjel^^ jl Jy+£- 2 * tS'^yt (lA*^ 

jl ^<>.J ^^■'° cil. >Jy* dl*/b I li ^uXS^S^wX-ubW^I^A 4>- 

cA«*Iai jl^Jk^^rv^slL? Jj d^>-VL^ y»llaj(_^^l) J ©.At Jx^l> cX<Ij ^.yOc 

. 3y~» 

J 0^>?" (j;*3 «j^” (j**-? ^ k>il»jj |jl Jy-> m 3J (\) ^*“ 

<_£*A* y ji\>- ^l^o I jLjiy dtloy l^)L*J °-‘J! (-5JL*»i 

Ujjj ^-atol J->L»- Jk^ijy- I/sb-yl ^1 o-l »iy ^OJ ^ 

L* Otl—jLj.^jl k^jL—^ o— l.o^, Jo 3 ^ 


> — Sir George Darwin 



*))3 1 1 bA*«Xj^> {JikXMj jsX^ 

,»“.^I#j>a I 2 ^i o ,* j *j^ j^>- I ) ^rliu^l si* **l 

wXa*^a 2 . J y' ^^_) j^ *-X J i m* uXj 1 0t«X~» I wX>- ,/Sw j -\Ss^> ^ I ©L* JJ ^mA J *9 ^ 

uXj 1*3 a/ i-Xi jj — Ia>- *S~Ajj.^JS'^®.;*- *£ •■J3 

ol;® IuXaIjla \L~ACjI 7^4 j+.*^ •l^-_^Li 1J ( \) ^-j 

o 0^-0 I ^cX— o jL*.-—^ i# ^ y^~ ^O la^i ^^ipua-* i.) 0 3 *"J 

jLo J lA; I 0uX**> 1 i-X* ** j y5>~ J I £u$ ^a jL* 4,S^ I <^^k-X*^o c^jljJa^^l } 

^ji IiA-^-a^ J e*aa ^ y J A *-^'- <k ‘^ ^ ^ *5 y J 


. 0^1 ota ^\) ^jl-> <Jl^ Oj-^t* N ♦ ♦ 4 ♦ C- 


^ £J 


C J k-X J 




•** Jlj e*9 <xS^(_X.-wl-k.*A -_^ \+*s> 0 I 0 ^j-jJlJoj j l 

. «Aj^^ (J? (J'^o^>’j l^.i I jl (_5^“i <-5^| iSUJ O'*’^'^*** - ^ 

_) 0uXl J3y y) ^A jPt«e I^A-oj i»X9 1 J * 

^jL*-! (,^1^-C--.^ *s.t jmp ^1 ij ^.* >j 6j *S J ^>* ■ .^ta 

jJ y ^ ^Co J*Jb jl . j3L ; a ijjis^A I j l f ; I ^ y>- Ij j jjb jU! 

L^U laii J 0 J $*+• j—$ 3 A., IJ ^Jac i^U o _j> j J ' : ^ ( _ 5 » Ob'-; J *j j* 

i jlAiA.7 I pjat cils. i.;L»J 0 I j\Ji ^jA, . A^bj. Iii> IJ l* J-C:>- _J j| 

'—^ O'^--*'’ - -? iJL>* l— 1 ^ jb \+j* o'b ^.j O**-1 1^.; ^ J..* 

^jlr (^l^.;l^.ii.r I jl l^.u' *j^-« jj lia>- s 4.'j*.j j #A/j y 

. c—l «AiU» ^il l y^J 

Ja«>-lj Ciljl —*^> jlr jJjAt A^.t J^oLeL* ^7*» ( ^u»J^,^j.5"(^jL».|k j^- 

Jl—1 -^>Ij* £) I o'—*jb 4 jIaj^ ©L» »^5^^1o— 4.S~^jL*y ^1. o—l 
^**blj y j&i IaJ ^U I j t_j I obi aS””O— j ^>" ©l* _?3 . o—l ©ajLb ^.sL 
jl_<_j ojl j>- j>\j.> . (\T" ,J.^-—) oAjjU 01 lS '•*“ 1 j***° ) \bo J*i*a <SiJ 


0) Harold Jeffreys 




3 J 31 <5 •Ljljj <j\.»33J33 3.~3y>- 4j»~I 

.iX£A>#iA,£j J I *L» iSkf£~ I <_£l* l**i 

*$55 j£-+A 1 J .Ul**J I ^)L>- s*+>J* OjlA»*JJ 

lj L^j 1 j !c\>- Ij dl>* ^xla-v ^1 (jf^-^./i 

. lx^»1j Jy.j* 

. i-\J^£# ol» ^ia —* l*jlj ^Iwli I iib>-^-S^^ JjJj oIa1o5 

I li aLoa*I^j s,^J?I j (J>ta ftjll** JjjI aS'Oama* ^Jb 

b >AA3U L*- I a5\h*.*-* i C?l Af^>- (jyZ>• . kX)Jj^.$ #l> 

J3 fl^>*t {j*) * °^ A £^~*l ^ ^ Lf* J* J*? 5 £jy>^*» J** 

• ^J> . ^** . ‘-Xl-^A—> oJJJ I Jjlj IoL« ^^a** ^tlaAfcj ^1 a>* J yb 

0*X® cljliA/^ aS^ <***# 1 (Jy^i-X3 <-X> yS. .0 A ^ ^ (^l>" CIaaaW 

. oiX£*t «lao •L*>j«3 I*.*** 1 c^^^aai * dlj (j 

o^aj It l —1 aS^^u^ «lx>» 1 3^1 j ^tla—) aS^^j c3y ^x H Lxa ^l*ol A i^ixiT 

$L* jjjl^ jI*» v!a*«I ^[*3yjy £)^jhy »-$ j» 

t-Xl>-(_£ljfc^» I j>- aS^siAjI* ^9l> l^IaJ y+?* *■)$* J.^1 y£> jjjJ.^1 

D^lA*la5 * 2 >J 3 I ^l«-X> ^ j*aZ^r* (JLa* ^^a!a* j\ jP* 

^ £ 1 j ■*■•» eiAiJ ^ l■*. a3.7 I AjlftJJ Jl 2j5£)\j\^li J ! j* ( i 
a;l4iib ;Lijiij I ^ajlA»^1 +** \\*& »Ai>-^laA» ^^^ 3 ^ 1 ^*^* 

aS^O-^1 t^j&At LjJ I 03333 3j[ t^loltXili I (^IolXc . (J^** 1 ) 

. Julcob |_Jj 5C—r *\mb ^j>\. Xl>- ^laiilj ^m ^*"3 333.0 i^1aA,^1>- o^ lal» 

L$U#^]aJ^Jkj C-—oi ®ba^S”^la»« (_^IaJ b^a^^L*.)^L*I i.A<j juit 

ifloJ j 4^71 jj i ^3 L5 1 ^^-< , -^ 33y> C*i>l 3j3i jl j>\ i£ 

3333^3t»\ t 6 ~ ^3 jL,yJ 33 yo j'jjjjj b‘- ^ isy (jV* - ^V; 3^~k 


(\) C •E • St ■ John • 



(j* 3 *! c5^ J $ys*y* IfiT yl 
iA«.»,—»9A^« A***!* I (Jjl^CL-** J>\ l^J I tfc^J ^J A A #L* 

Ij_J,^* AO ^«Aam.a (_£Ia>0A-^ ^ 

A 'S^-+*Jy£- L|J jl L^oJJ (^***1 • I°I^S>-1I ^J jP ^5 *1* 

•ao^I j ^jil. Ia*i «a^ dL jl^JI^^ ^Co ^aI ^ ^^ jj Ul 

. O'****' ^j.i*-£> 1^.1 I Ai yJ***A 

«3^>*a«^a ^■l*.** I fL? 1 -j^aT ob^ - * JU 0_^b* a*>- jl 

Ia (S^js J*C^r & J> jy (oL*r t5U oAjL»..aI» j!k^O £j . AJ ^Aj,* J 
(^l<ia3^)^-5^l . A^A^b lj oJjl*4^ 4ol>- ^'» oaIa A^A-Aa 2 *" 

JJ Jk L^Mn^la^ , oA^^JL* (^l/b a ck.^ pl<Ja3 A^ L*j^aT AAAa^" 

cjIa^-” AaAa <J.>-Ij ^-.aa iPT^ yj ^ ill** ^A->- 

jjCir^A l5aI^A jL~> y_AI aaaU 5"oIA^ ^jl^i AA*A £a 4JaI>- 

^ ;L.r^ A}Aj* <-\I>- Aji-^ .-X-^A—>* ^AaC i£Jju (^1 jlj J Ail slC 

» 

- Jjta l5j^^“ 

— • <_>Ia* (^L^.^1i« (A/i"^ A^’*’*" ^ O^jA.1 <&J> I jl ^j-j 

cj I jl*w o^vVliL* y^*J j^Iaj IJ J^**. 0*rf>j9 A«i 

lOOAiXioljJl(jA l —A^j*-»J £®la**< J^~-^ A?”? • ^i-^^iO ^ iSJJ AjIj 
o*5 Ij l^-***^iL*5l j L» ^>-Ljj U co^i0^ Lj jLai jj I a^“* ^ I fAr 

. iA^>^*Ua '*^—jajbj 4*J_jl (_$la>ailai f 0 ““^ <—J ^ 

*\01j 5 °j*J ^^swjLr ^^-Xj lO*_j _J Ow<kX^ j** &S 0<«jlA*i* 



cjliLipl^S* j* i ^ ^J*t! 

(jIa^IpI juL j S)jjc>%> l*** ^*1 ^rl^*<ju li 

• ^ ^-v*" iJl*“ #*A> ijl—i 
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jjJU jj .\jjuy 3 ‘0Vf*j^3l J-^Jy- jljJJ -'(NjS^ 

en-» j<* L— o'—31 y y** Cf ■*** J * ^ ■•■^ J|»* 

S\ . o|o 0-?*j Crr^^ ^ ^ ^ J>jP o>| yic~> 

J jAji-' , %A\£ aL* iO jXj o. oJ_i vw 3^—5^<T^l;iC«4 l^i I j£ j*L* 

^ y*r y* Ck 4 ^ *4^*0j J j*" ^|«j|*Aj IL" \^j u 

(The outline of science v-jbTjlJi) ^ dt^.U ^ 






(Apennines 0 i>7) »L 

dL C—i '-JJj* ->>!*; ^i^ J " tlrlI 

— J^*- ••a— f >-J“ U c/H I 0—1 ^ 

(_S J J ^1 C-i'l £»_^ O—| ^ D • • *w{ji ^1*7 J L J -CT 

45^ L^j | ^*jj ^ J*. *^_5 * ■ J *«Aj J Aj J A** 4^1»- 0«*J JJ Ij * \ T »4 1^*^^— 

^jC.K- j J l*li | 'j . O--1 JIa \ * • >— iji*\J I O j| Jf jl*I JO—IJ 

jl^ojl oT^Li <f yCJLr L \ \ \ \ \ D j-AiJ oo *U.4*#j 

^j>j >* a>U—u#j 3I w— !^i*S^Ij Y 






i/xJUamjI 4ilA,3J cl* 

i£jjj *tr ,jj IJl» <;U-j «*•>lr ^-jl ty** ot^J 3 —xrj^-" 

~Ol.i*AjLi j^m..* j jj jU ^ .o— |a»ujLi> |j -cCL»- 

V 10 Oil r* V \ JS~- cr^ 6 JJ ■*=«~l fji-lJ olp J» 

,_; ji (£Li < 2 r > I j | (_£**•; ^ ->L* J_>^_>*l J"* l» I J3 'J j M ji..* *j|j 

■ *u j !i J’jP _r*A • • 




Vesuvius jjjj 

cO 4 ^*" L1A17 I -U>-j j jj j I 41—<-li J.J+* jji IJ-3 - \ £ JO- 

li i ~ A Li »j>*£d o a Li» j | <5^ 11 tJCt j • ji*ii ^ 1 • 

^ Lli^r J ^*#1 Ji 4J 1>J f L*j la^jLA C—'1 y 

(S.p.langley The New Astronomy u-USIJ-cs-L **y 





c.~*» l{j -s^? - ,jtl 

•**l_j»- ,j£jL- I jj ^LITaaLi | .U • j.5 _y oJ^--* 

<s3j.,^|.aej obi.}* '■»" I JJ >^-H otr 4 ** U: Tjj |^. j j>. 

J jjLij S.y*** erll-^ C-~-* I ^i—*|_^»- X~* j,’~m jm! £ Lj~ . 3j.* .* «4 jj «lw j j j-l« 

. Jj J -U* 1 >£»- ^ ./ I -UlS^ J ♦ L* £t.W~< _>J | _^l) ^ | 

a. ' .. * .»-j-u> l» U-i Ia «jli— .o^-l ^jjj J> l^-—^ ^ 1 >* Ojr 

<j5* g-A 0->>^ C.^* ; OJ \-f* I U^- 5 £ ^*3 JJ |„/*3 

j ■ 3 >—•■*■—3l *^iS)y I ® 

The New Astronomy '-?^s.y* jltr"^* 1)^-1 o—< 

(S.P. Langley ‘-‘J^ 




(Copernicus)[si^i J jTiJjjj 

oVi-j 1 <il>^ ^j| I —if J 2 ^ L-i j y* jf I - \ 

_)y> jA u M3cJ‘<S' C— 1 1 ^^*3 -0—1 tly* ^ y I J* ^ 

>5 -cTL-L; | j3j*~ olj3*l • _r'“- , J jjj'JI; Ol <Jj| <;1 >j •jUS^U' 
j ciL; j^ToI :* "* ^ C/"^ * ^ J tjil 

L 5l»JClS , U olt5U»| j^1* j y^-~t iJo j£ji d!j _£ j c ^? - ^tS^ 41 Jl c£jW-! 
<5^ ^yM !_j j£_Irl ^ iJli j o— - liJL«# j jj ^5""^j I L r , '-r*l ) ■ * 

j| JliS U . .JLi <^_^\\\\ ^«t-\i> ^ijli" JJ JAl; yS** ^*t»Ai£blJ 

^ l*- J 






\*\ ]»b 4L—i | J tiLJ ^ 






p \.m£U jJ* l C^)l*> U J! l>jl 

^ I o 2 y> oA*' j A-.S" I ^j ^>1 

Ji_*i J ..Ai-X^* I J L^.J 

l_-b a) Aaaam* I ^ I _X.j i_A«m t—A a**»> 

C-A-yJ 1 ^ 0 ^ ^ JZ A ^ J 9 *" 1 l^J * J^- z * 

S wXj V-X.J i_X*> 0 d>,>- 

— dl—«j! ^£<1 C-Ia^I ^Loj &Z./& CL>\ J^-- -4-0 . <-X> Jj* oJ J 

^A>-l Jl— C--**0^ %J)j\?J2 {jiy ^ lo-A^- yfol jijl 

: J^3I o~r->* c-i* .»x:> ^ olji jil *jLt£’j^zjj \j 

—ojA i ~ C->y* - ^ — OjJ — (j^l 



^ ^f* 1 ^ ^-*1 j 9 j*^ 3 ^ 3~ O^** ^m*1**« _ ^ILp 

. w»^* I o uXa^ ^ 

j^s- lAJj>- ^*^-'1 j • »Al^LL-a *3^3 3^ b \j ^l^.fc^-1 I 

0j**** 1 * ^ ^ ^ijc-»b^" . «-X^ 'T*^J* 

^ji \ b olji ■ p**U*A c-# I l—* a5*iAAiA** 0 (^1 #aU ^IaSC-w j v_-4^^* 


(>)-Electron 0)'-Proton 




y 4i>L— iA*i <^ajS j jI»-xa^j I ^JjaaaS'I } (jj jji\+M 

J*$J lcX.j^i< v*t^ J l 4*J^I OmJ L ^>^/li> , l iJjtil (j> Jylt j c-m*^j Lf,*ji 

J^SCU diyii . cAIaI*** ( N ) jyCL IJ 1^.*j ^ 4Z*0 *y I . iA> L«• O**«Ai 

• i***I ^'jA+*f$‘\ I l~1j } \^I I 

t-Al ^\aaa* y> I IcVmvOJ ^ ^y l^*.» !^3 I AaA^VI 

. Jjl** «*-\o ^>- lX-u I ji#U3 1 C-*»» c£y> ^i*>* s r^ m **2 

*aj I <3 j i3 ^ j j*&> j y^.^ .A^U^ 

. iAI^LmA ota y">-yA fUi ^A-mI 

iili *$" ^flj* 0^0 ti^-*** ju5U ^1 ^S\a)3 J^-+aj jjtoj LiL*« a.zJ I 

lA*1w) 1iA^» IuAa-«.JLj i«D <A^Jj * •iAa*.—>■ (^ULAs A.X>c> _) 1 

I (_^l^ ^1 ljj^> i^Jj** Ajt la 9 dlo.A ^1^>- ^ 

^Z>~ JbA.L»>..A> ^jO^StJl;> J J ^^s>- (jjo ^*"uAO^j o2 ^l.ijl . 0*^1 5y>~y* 

CJ ^ (S^^ • v -'^ ^ 3^3* \jfi^ ^ v “' w *^ oU^ 

o ^>*Vij 3 2j£+* £ijy** oUi {j+t l5^1 —»J Cj& J> t^L J •^_^“ < * 

o*p^^>L# ^1 1^,5^U 0 ^^Iwu Aj ^JjlA.** 4.S^(-Ai^^,> i—■• ^ (3*^^*° 

JuI^ J> (_/^** ^^-J'-A^-J jl ^S^uX-lS^I^) J2 uA*|.>-^a c-il 

. lx.u^ - /(_ 5 , ° ol5jl 

^Ii^/l^(^)jlj CjJy«? ^ 14JS^A.S"^ y**+* 0^*jI 0-^ cT*t 

^jIjUj yi (jU^ uDU fl*J j» m ^ Cj^Zy^y*^ — t_.' _j>- _ dCi- . 

jlaijb cjl»a^»y y»ljt> ^jjjjl U jCl>- 

iXiil»l*JjJ j . 5 jZ±~JiJ J-^C J Ij 4»liJ dij (_$J>>-lj' 

.iA^iLmA I O^"Ifi J Aa^i^ v—A S" j>- i uXlj L.ja ^lili ^ j I 4*la# 


(\)- Molecule 



lJ y S~ j\) ,'(.f ^CjJ .**»0 iXAi« 

. Ju ^JL.» jCf JkSL jl 

i_$l xL. ,J.l»iXi ^iu j*-«->- o>-jj dL l£_5j .S' 

)* 

. a^*! aJI ^*3 Aji^?* i S aJ ^l5*dli blfJ ^ 0^)+{ «-X»lAj 
dliA^i j* J *Ld>l U»1 A*aiA> aLi J Ail^Zi A^k*)! ^JaP <JjP dli 

A_AI ^J> jj I ^lsa*> (J^Ias^jIi till ^J ^1 j ls> J y J 3 Aiks* ^jil A^Aj ^T^ajaP ^1*^ j! 

^j» I 4f cXaj^^-i J ^P 011 I • A**i^a A_JA O - ^ 1^^.PA 0 AI^OJ AaT 
3 a>a^^-a ,CaC aS'ca**! £cj^y>- jaj\ 0^*^“ C-A*i>JA 

. C»a.J lS■)}*&* I Aij^SCLa 3 AAJjnua l^JlLjjl I 5y >-ja If] 1 ^2j -j ^1^ 

4.-^ O^t j L$l *AP Ai La AJA J>\ Ja+> 4^1 I A.S* A^f J^P Ai ^1 P*3i» 
k_-»Al*U CjL-0 I (_£AllJ> aLp 1$ (^^S^-Oll I^I^aIaS” jfr y.i } <S> j++A C-P^-w-l 

. A^ A A* I ^3^ } I 

^il>* (^L]a5 oA^ Q».^w^i J j\ aS"(_£ ki»^2 >-JA Oa-j*>*J3 
<■“' 

Cjjl —-ju . AJL-**^>bi ^i ^a^> L_fi I 4.5 "c—“I ^jLo Ol^^ ✓ IfJli I j m J C-*“l ^il y&* 
dli L-i9 J ^Jl:> c?La$ 0 1 Aild AjLa J^lili aS" (_$!aJ A 

^Jl>- (j>LiaS jl A-pJA Ai j A^i ^-J Al*i^* <J^P aS^^AJA . Adli ^iljp^- 0^ 

— ^J2 aAa<p ^L—j I L-ll <^s &*a+m Oj)P 0^ ^ ^ S'*** *^^ l-( ?‘ ,0 0^ (*‘A^? dli 

1 ^ Ja L$^ ^- -, * >J ^ &ZjS jl—.11 ^ C<A^> A^jL*wwo ^3A (_^ljt (^I^Ia IA-jn]I 

A^JllaAjO^jrfiABi JU 0^^cTi-^ AjiAlAiliAj fjJ^P ^ j* *a«m1a} 

, AiloA j \^ Ifi I jjXi C-^jiabi 

|v-***^ ^ I aS^A^«4 IJA ^ A^P^AI _J Cm»i \ ^ N \ tJd^3A 

.5^ CjIjA C^aIiJ aIAmjI r ) aS^A^*.! C- 1U3I C«*x^i (^A yU 

A I A] L«*j Jy dljki IaJA y *y* . oAd AaAiIa*a 0 S 3j l 5 03^;*^-3^Ai 

(V) — Sir Ernest Rutherford (T) - Niels Bohr 



i ^*^*<m* A**- ) dl** A ■ —> ^!*>“ 1 dlf ^b 

Oj ■-*•*>■ V ^*.»»^ l» oy J y. vA ./* ^i'l^* ^5 j*)2 

^rbb- a;;l» o-;:> Jb- j:> _,Co i_$b J_j^:£jl a:..* . a-L.* 

0y 5j\ ) jt i j* *b&I fl*." j fU." a.S~ „;lo* j'S I 

i)} bliAju JJ iaii9 cJ^olj j^\i. (ib jLali l *- J j~‘' i j -'“ ll^» i-J^b-l 

. s — -**^^ ©a*— ^JLt ^ .>1 ciA-diTy a^j l— .o L^.i y ^ jt y 

dL o^iCjl dl> ji jj a_=- o—l O-Jj-?^* 1 j-»L~ic fLr ^,y 0 jL* 

l» J»l9 J y JjliaC _* O-Jp- Jai's «- ^ I 

a.-S' b l t ;^y:SC)l .^1 a*i ^A> .Aojl ^iaj A-La.,flJ ^1 . .3^..*© I ^>1 

ji . o' j,A*A ©ji.4*<L^l ^v3i ^ J>A$ /t C-^I t sS^ 

j\ v_-^l ^Jkj>- b a;^».; ^.J . i_£ •£ jC . a;_#.j^j Cb^5jIjj v, I cSb^'l 

^ Js3j*& _^OcjJ . ,A-l, o^A> j J JjlLc ]ai9 J.J.5 ^)b iiii_ 

iib-^5bL* ,_/•- j<> b-l- o I jl (j-Ub JIm *.$" 

— — £j^ M J — ° — -2^iLlC- l j i_Xa— Jy&zi \y I 4.S"" Jj ^ J* 

S”l. JJjjCi jl^oiftjj ^o-l JjjlCjlOa* obb JjJ^rb 
J^aL, A^fjjbjl JJ a^i-Vlo a; J jl^A> _ Oi*J 8^,i 0 ~~j J* I 

Ol jl*^; A.:_/k JJJ jlaajj ^ j yj} Jjj &\ 

1^ OmJ ^llaja A.S^AJ^^» 1 ,©jIa>- 1^ ^l^Ai 

U ^il jIaS© cjj.^u^ . AiiS^ j*’)* j^t^^-i ^ 0 ^ 

llfcAj^iS^AljL© laid^i Ijb^jl ^>1 ©A^> I . AjJ^> Jjjom 

4l*OA*jLi JuU oXj> ^+*4 a>.^j l*-» ^IaT^ Aa—“1> • J****.> ^S~AaZm.«) 



aA** , j} 2 > iSJ)*j+ 4lT aI^A# j- '^’31 $ 

Ijlfi I aA£» . I a*.o> Ij c-i->4:> f ^ 4h 'X*‘£‘ 

l&ii I . J^.*.} J^^aA *)y ypj>-33 jl 45'<J» I4 a]|0* 

■ ^A dXS >—»*»»£ 0-^ rA-^ Ijl* ^J } i^.£»L.i sAlfi* Oiki'>" O**I 

OV^JI 0-’ • ^*aL*A {3 3 1 3 J* ^ LaIj l^-J I aJ^a AiL^O j^I^aI ^ji\ I y i 

l^.i 1 La ^JAai Ia^^a a* j 33 jl o—i 3 jL*-*.) _5**^^.J L^ 

AO Ia>- I 1 ^ 1 ^^^- ^ .aIj A.S^lXi IaA.*.*^*»>- 

^Ijl 4$V £>B> ^ A^fc.j.9 3 3^a,%j ^.fi^eju JAa>- iJ^C >vS"Aj J.jL*> ^ltflfl»i» 

^***•*1 JAa?^ ‘xS^lX^.-S C 3 3 -^^ J o^j Lj& j j1l$145-o ^ Jy ~+a 33 * 0.7 jjjjl 

3 olj) jS Ij 3^ o j^p l> o y i c*~^ A.S" a1^" l &3*^ ^3 I A^j Ajbl^5>-^l ^ 

JsAaJ^^Ia*.7 kZ*A+A> m 33 A-X-*a Jj-*a> Jj-J J dl» jl a5"IJ 4j»cj I . 0-*~> JO 

4.ia.Aj 3 O-A a'^-oJ 4is»l>-! (j* j A 4-0--.) tdX—i ^ ^.5* ^I^aI ^ J (^l^laAi^lb 33^3 v^“*»A 

La I JsJl lS j>- y^.n\sli wC-^—i _LAa> I . 0-*—j (jLsje*^" ^ 

41*0 J^fr 4^ ■w*** i I^j I ^S^.i 3 y u«1a) 3 A -»333 

. AlS^-, +a 3 **p> 33 ** 3 <—■b ^3 A?^a> 

U£ Jl »>• j> 1 ourf^rjLi- Jj^ lA* yy~+» d 3 G’ 

; U 4_S^ a:^ 3 3*'3 AI Ax" JoAdJ 0*«l ^JLp- 1^o3 Lj^Ai 4^ *13 L> sZ * +»\ 

>>E> ^ ^^^**»*> ^)Xj (^ _^^aJ ^LmP I 4 S"Aj uX^" I—Aa^C" III 3 *^ ^ y-*-A jtM 

J/li ji'ZS’J~\* 4fA^L,A jLcj,J oUi ^Ji oAC (*A^C t A ^*ai" 

I 3 * olj*^ ^y ^ ^^-2> tfi &Z**3 j& Ia^jla 3 a>Aj^-*a 1 S 33 *^* 

. A)^.JLaa.1 3 •Aja.J 

kj^*A ^^.>u 0 *** I jZ^*a> 0 ^ 0^ yt oja 5 4^1* jLr clL**c- ^ **‘ j *a 

^jL> 3 I Ij i?li*j jl ctl>-j.S^4i^A j* o^S - ! 1 aj^5^*a j 


L5 

4>c 


Ai 


4I**»A 



o^r jt } jS"i j* j* •ji lilojj oU'a <b j/L» ^li:. 

a;^$C ; * jjj *5" b (J fl t .i^ j fjlj£L. 0_y\5j< 

l> 0_j>-5^A; j*"; (_g* 0-5 jr ^~^^ i_$* aK i (_j^-5 ■ i^*^ - *;'* 0-5 ^ 

* ,l>;I»j jS”0^l^ 

4@»ill>-. lX*<L~» 0-5I jiai ^11jl J*> oleji-i^ Lj Jin UOJ J^S\ 4.Ltf>lj 

dl) )J ■—ilS"(^jl—» <_)jj l 11> lA-jI y*A Jya r ^rl liLjl •)J. iA»|blj^e«o 

ol iSy* A♦ ♦ J-3 0_j"j^ ^J. j* CjJ y& {j>_) J2 • tV.fU.3 [jf f 0-5^ 

. uX^-L-^a ^Jl>- (_$b«A3 lib ^.i I lib IiaaA^ O w*i > ^» ^illj JJt!^;>- 

^La5 ^Ia ^JuS^lib L-a.£» 0**»l £|J**J* <Jb> 4 -a* l*a9 C~-J 

. (_5**J lib>^S"^L.>'b J 

j»».-5j^>-Oj5 i-1 0 ^ tSjJ ^ ***® -5- 1 ^ c ^*t c5y <-^"1^*1.; 

C*«M»llJ U<)l y>- *1 uXjXl^A 0>«4^ 0^^ 0^*^" ^H>* \j>- 

uXl* I^I*4>.i J ^b^l —*^-****{J ^ ^ ^^Ia A y>- l£ 

uXi^C*A (SJjm*: J»15 ji C*t J~\ l* 0 y}j> m JJ* . A>JJ jj 

. iA *I >f^ (£ JyA j* 2 iS 5jfi i -xJ y* 

^la>- olX)Ia^$ . J)^*> LJL» j\t j** L5-?3jl cIIaJ jUjU c5lX>-17 (j\yl+A 

Jy^&Jy ~ +^ dli sJ^k+»\ y±\ j6l***+a J .£)l ^1 

la>- ^^1 . tX*-l^A ^L.*» y (^Ijb OcX-of-^)^ y+H yk>- J3 ^ <xS^iA^S" 
-Xft> AaA {jfJ ^diAj La^ 4» |^J^5juXwh>^A 

^>-l|.A C»^I> cXM uXjfcl^>- (£3J < w T ,, *i c5 

yj *S uXi IuUa tXfcuUo juiT lj Aj>- C.S** J>- b>- ^IiXa *y>-J C.i*j 

. 0*«l iJJJ\ t t^ljlj JJjl 

0i a *^" J. ^y*~ cr^^i ^~i cfjliA*-l» Ja>- 4i .*«y dLyb ^>-L^o dS^ifcJ jj jl 



ci>l, i —At y! Ji jli jt* jAi j% vlM| 4^.3 T kXi jlj 4l»l»'l £i jh Jlj. y^S 

J-^y', byl*^ j** J* _,lai Jili ^Jy <X'S Jlii-I 0i>*3 £-\ j» ^33a-.. 0 iAi>- jl 

^****0 jlj* I—j £->jaJ1a y\S •3 ji I ^JyL+.M 

Cjl jA> ^A ,++H y ^Jli£il iS^*^ 1 . <A£<Ij 4.1^j)j \-£j*4 II J5 I J ^ jM 

. C ^ uXxp (il>^1 \\i L^ 

6$ J* **- bi£j\j l£^*“** I 

^isl.^,0 jl \j jb s\+tt>\y>- diAJbLi*A J 0 j\> ^1 

5 j :5JI ob^ j^b IfJ I L= >£ i £j>£ 6j>c* fl—>-l 

^ajLai C-Aj L ^4 j 4$^ y yja J ■, * -1 --^_^ ** I ^ ' iA*-“ lAOj) 

*J.y^> J>- Ji 4S* Jul*f£ ^allaJ (_^I^.jLb jb* I *xy I i_\.*.o £) y**' uXJkl^^ 

J>{p- y, Lya oiy“yi ^j‘ I *S eX.^uX-.J&l^>- A^-yla ^ y iXl£>b«A aJu5”l^,i b_y** 

J3j\j]y JifSfBjj. i jL*1*j t->y> dL i_b» d^Jj» . l-xIiSC^aI ^br 

. i_^i.-A 

(i^llbaJkiL* y Julbib Ot* ^»l ob<-XjLi La..j \yt>J2 La^ 0_J^" 

ia>- >AlaJjo c5_jijl !■; «_9il*a7 ^las*" j> C-A*0 °^y> ^y*°y a y~“ < r J _)"*" 

. eib J~** \-)3y>- 

^j >I jljj c -**«y ^ti431— >-<y,nay j‘j-^ a (') 0_j7^7j jl . ^1 . 

4L- yi y Jw,L** « lSUj C.*--^ » fU; 45" b (jH.9- (iba9 

— y** {$3-) bly± 2 : - > l^'* * &&y aJ^b 4Zsl*^^*3 (^sJ-S" 

^^a.3 J j>- l_* ^ci jl JJj**3j^9 C—I l5^XoI^- ^—>■' 

l ^-SC.^-yi obi laa'9 _J ^]l>-^7 0*^1 >- C>Li?- JJi_j^>- 4^3 I 

lil( JtljL* lX3j^.»<o «_:|J>- Ji b^br jl ^3l* J aib ( Jl^'* - ' j' I 4^0*^^ 


(^) - E • S Eddington 


(T) — Macmillan Co . 



iA+<* 


Jjtaljyy «JUj>) jT ol^ii JLi'y 

* * t_- * 

j,»l«^x ; » t j 'r* J ■)3*j* } A 0-^ ^(*i_^-“** (j^- 0 ^"0_)*^ 

Ij ^)l>* C-ii Ij CJ^ .A*** c£l<^) ^ ^ 

'—>»l jjIj J£ Ulc L; J.J cy>- (_>l "S ^jA3l jli** _};>" 

j*« *« *I 4^A) cO 4>-> ^Jyi^.1 J ^ ^ 4.JjjJl^\^ I 4^ v—• +* ^ 0\A*+> 0^1 <5 

j+> ij o»cj j2 $ L j , ^c> ^I^aI Jki ^S"- -o-jb oU^ ^ ^ ^tr** 


»-V.j ^OlA ,*-3 l ^ 


J~** 'J S 

Cj^S^.'+c* jlj L lj ^3 ^aI ^>1 vJ■ , ^J , ^ •^$C^ 1^ t*a.& ^ ^ aIj . cj . £■ j>~ 

491.**.) dA;>- oS"" ^j J 1 4S"^Z9^ * • <-^' & ■**5 0*A O 0 -O*J Ia4 

J 1 j>- i_XJb!4.S^^jl<o. O--A (_Cu\a l>- idl;>-^.S~<-^.*- 0**l, 
. j~ A ol 41 ^_) ^j)lj)l> . JkS^L^M t_j l ) jl £• jU*B> «3 ^XIa-.a ^jOj>- iJjl? 

O 1 -^-? »A_j 1 <0^.5 ^1?1>-I \j jZ^lil 4.S" ^1a> ^a ^:>-I^aI (J*® ljl_^ 4Z£*J I /^a 
I ■ .1 I ^4)1,0 ^j) ^a 4iaA> Ca>^*^T*c- 

Ia *) ^^£.1 l^^Lib^L) ^1 4 S 'Si j*i ^l-J>- 

. C-<*^l jt ^CiAaI^ ^jl) lX) 4.Sslj I (JL>J Aa^TaA ^l^fl^jl ^^a*A 


- j-* ^JuXx_, ^m., 


aC juLo 


,^^-J I ffr~-5 /|*A-}.) 11 


^ji* ( jr> w '^*' ‘ 0-?j‘*' s - ; ’ jfr— ? Ot°“t! 

| >** ^* jfi ^ ^^.pwaA ^J-A«**iO 3 1 -3 |tf*“i **^ 4 I *** *yi ^ J)^^^_aA 

l-X-fc^w*A ^*J i (_^l _^^ls***> ^-I^aI ^ JiD AS" I-Xjxl) lAaAA a JLaO ^)j)^*^--J I 

Xji j 


. 09 i-XJbl 


I-Xjfcl^>“ J++X> (3i>^ ^ 1 J-~' , j-X^Lyj 0$" J>" 


aS^0 ^Jl . JL^-P ^)J^I$^JIj AdOl ^ia#lj ^iii> 

^IuXjJ^^j^a t5l^A)Ojlj) (^y^Jis. && J^Lajl^.^ tXJ jaaA ly I ^*1 ^aI 5 'Jt 

(r) — George P Thomson 




I%IflA umoL 

(Jji - i aj^ 







r- 




jji t>U 

r\ jsi* 




0 >j £J! La^J bol . A-l^^o sIUj Ia^ *— 

^>*l^-*l »^jaI^>- ^>ljl 4»b»3l>- 4 l3>»AJ 4^ 5 AJbA*j» £“A J>J}2 AX^lij^ 

b*3? A 1 ^ 

^1 ^o| 4Ju**>A <^jt» I A^JL^a aL>cjI ©AJ l^>- j^JbA AA A^>-b ^5" (j^^J*** 

Jl> ^jjl L c$l oAllS^ £->b_2 e->l^—>■ 4jLL^bu ? AJj...*.“l^ Ua9 

^.... ^«£Aj I 

0**l O ^ £ZI_j£j b ^y^3 ya ^jl] &jS^-vJZ 4^-J ^j> JLq+I {Jj~ —-oil' (_$li I 

L bo ^x.1aA I AA jb\ <J|£LAi) . Jjlij AA ^bo^4jjL*«o jy+& 

j\ Ja* C~~J AaU jJL* J>L\ A OJ^ . AO A A *£ f m j\* A^A^ 
I i I . Juf ^h-^A 0 I A I ^^i_^ 4,£aj b A AJj o jS> A l» L 0 ^ <_£ AA 

^.a »> opI^> 1 A-iAj fAV^C^I Oaa> (^a>- b ^.jbI a ^,-^L a . A^.*j ^-*^o La ao 
IA i£ Ibl mo A^h ^aV &Ss-+> I <JJJb LvAi A^>- . Al^-flj IA ^A^A -0 AJJ 1^1 —o AllS^ 

^Ajo J j -. ’l ,—<>j Ij V*X£ — "\X \ : aJ^Lm }^jb . A^a-^Aj A-J \ A*-o 4j 

l5AA aI Ia^jlo AJ-£'L-a,o v_9^*«o "V A £ A r AjI 4JjiS>Tj 4^Tj^>- A^S^ 

I A c»w^ l L?A^ ^ aIao 4^""*lLj I AbwA Aj A^ A (^Aju 4^*> (_£b*j A IA A 4^^,o ba ^sjej 

o<***^>~ yb>- 4juj daL a^ L a 0^"Ab^ ®aL aa 4^CL-obCjjk bol. a^-o.^a ^ 

vA^^AA^S^^A^^w^tw^Pc^^fbtAjloAb AA Ij Aj aU IAA^^ - c<m>> L^^A-fc^^wuOsw-^^c^ 

(JJiAi ^,^>co.A A A Agifllj Aj A^A^jbAA? 

aIa^o! . A A A^^^Uu) bo I lj , J^liAi I 'jb>- i^olpaC l^j 4 ^Aj) 

Oj_^5JI SjIjj? jb ^#>1 _p- <^bl Lai (^Usjj jjj (jU-CjS") “O^A 
~(^~~^'J^ (X** °X l$A"J-A j-C aJj.^i^J^Lo^ 
vlUJ^bo LaSIa ^pSA A^aaPbC^"I A" 0 !^ 4 *’ b AA^cj A Jj-*<3Z>z* 4A AJ^A*—o 

^jjl CAp- y> . Aj I A^oj b^l 

loAb A^ b® i“jbti^j^j A-^A(_£A* A>- i^jlAbikZS^I 4 ^*aL^^ . ^I 
. AAbhw^s^L A^j <w-«AaJ 1 Pcj OboA j uXj>" ob^iflJ oA jt* 4*^j^,> d*^*a 



A A 


p 


AM.**! 






3 «w<a*>I 4*<w£ y ole ^—■** 3j 

Jy \ji I J3 J) I J> 4*5*”AJ IaA 

oisCjol \—*$i\j^ f S'\±Jl#&yj 1 l vIAaJ A.■^A.^^> , 
Jy ^ISoul ^_*l J3 ©lo AO ^,**1 j^> ^-j5” 
+ »>■■»■ I I ^) I J.aJ.2 ^ Axa/O^^ 1 

3 {j+*3J I Aa^XJ^5>o 4.—S^^lo.***. 



JJ 4.5"0 flw ^^*15" ^aJ JJiXi ole ^SsIjUw I jl 

JjjJ J2 . jl^S iA***iJ^>- 3 6 l° ij^l® ^ wa**! ^1 ^ ^a 0^1 

jl JaA$(*Uj JAj j! (J^3 4li^> floJ JA \j ole 4^ CmaaJ (jlej 

... ALalAa y Ij (_/ l^j I {y*3J '^ x ~ > 

4jIa» A*1j>OAuB ole ^ili,9 ^JL> 1 (^ipij^54j lo^Jil^A Aa-^O y _ >- 4.^1 x -el5CjJb 

yj le^oe^^J)o^l^^l?l A( o ^>-!y JJ>.JjXls-wOol7j5 *^\.**wA*jI 4l£tl 33y>-3 H J3jIlX)3^>"J 

^JIj 1 jJI^S^Aj (£ ^jlflj j3 I . A^I*>eVl j\ Lo-ajCa-awO Aa-£j J ! J-Ja ikllrtAw) ol^S^ 4 jImj 

4j l*i 4 S’l\j3 Aa^I y>- A jIaIu Caa*J y ^<^Jl <J3j•*-* ^5^jl£*3 

ojILajI I J2 ^3**'ijf°^ J~^^ 4^1-.^ I (j I <_jj.3 . Al^l^fTIfe 

J3Jk.i3 s*33 1 . Al yy» (_fVl Io.a<lA^o Aa^J^>- 4^5** AO Ak) y> 

4ia>-^yleAl^ yJ> olej^lfc w»:£- J}J^>J2 yyJ* ^Lj\j‘3 Jy y[L^JJ 4^ ^ A 3 ^ Y 




-lr_ 

cX*j L» } lX)I*£u^ y£ j*J\4 j*a )$ <xS*iA) j \JJ Jk-XilT" 

, Ju yjZ*+A oJu O bT uJ,to £_)U» f t^; l» 

!♦♦♦♦• ^JlX>- ^»3 ^ *L* ^Jl *>\3 . C~*l 3j >j \\^ oU JJb ^aJuAj 

jl>-JtAj JJo cfijjl jB-+» A^V-ifc »,wJ I . iwW^I 
jljuo ^,3 i"—«b ^a ob a\a 4^^.j J _^lXj4j &j£* yA jA oLft ) (^l^i 

(^1) J£ji. , LXlS^olj ^L> JLa ^^tilj (_£l4_j 1) OJlX>- 
*/ uX-Jbl ^>- C^asl^o l\J I «-X> .J VIJ ©l* 6 J JJ \\ ^ O I 

lXa^j J^Xt *£ ^a^JuS^ ^ ^ JjB \ 0 ♦ 4l*s>l$ l> I J J J.5 (_£^j’jlj.,£0 ^ 

( y^j aS"ju La (*jV I jJ . i,^) l J^i-Xj (JL-*^"j c^* 

aJ^-IS"o*C' jl£*+ i j> I^j j***^y- , ~ : ^ • 0-£^LajA.*5^T • (_^l<X-jlj 

^J^PcH-a <\S^iAo^S*'<X$ wJ I ^1 ^ • '^—'■*>‘I L J^JLt J l_ J^J 

■ a j*+> iXm^W 1 i^Xa-oj 0 j lfcu* ) I $ c^>" (_£\^>" j*+»J 

, lX1^w\j ©<-Xl*J^3 JJj Ijj’ ^ JlX£> ^,*1^ jlj ■xSCl^.i) I C«.■»» '> ■ 


- V 





yxiitA . JS Js^iUu I j. 

X>-l^" [3 1 ynL } ^wO J j^ 

(\) xl-JlS"* *Cjjl It . o^l 

■i^JJl^ ^j LoJ I (_$! jj l.—^ * JjLoJLo b 

jjjj> Jjj U o'.c>lL>bj|jjL J (>^j; (“L-s-l 

Jl^ ^*\~>-j^ o') jj. ^ 

j/ »_«.i5^yUbjl Juo-iibjjjl 
_/_J; (3?"^ ->l I I ^JaSlj J ^y^-iSji 

S,J ^ tykjp ^> j*» iS^S tfij \syt^ Oc j-wAj 3 lAlftl ^ jl<All 

L (_/bi Jl\Ji i£C jJ)\£j js*u ^$Cj Ij.AJJ ^ij ijb*jl 4^» - 

^,*■. *> ■1 lX^L ji .^Ij J I <ij>- j£> aS~ i_X*i I .a <VL. 11 Il\jJ 

JL>jj45C^Lj>I ^ \jj\ jwb lyb . c~Jjol jl^i 

^--oj j£"^3 - /^ a> ^jiA iA-^Lj &b^*jLa <v5s—^ jy&js 
. «3jl<Aj OiAIlS^U ^*.w > - jiaS* l> _? ^iajJ ^5*"^ y ^*& l — 

v i ,jJ sJ«C-Li (_£_ rf T fc ^ ^ ^•*>'1 {£ 3 ^-»*»5|“w-Lo b i<o ^"^5"" 

lj 3y*j* °jfi ^1 (^) Oyy? ^ j** • ^ C3^333^> °^° if*3 I 

(jy y >&I ^iluX-/^jLo . lXa-oIj ^j^I>- o^ s«-A>- Jb °b ^ 


(\) Galileo (T) sir Issac Newton 




• '-"*1 I C.-I (jijt 'jij*- 1 j 

jj JyL** J^^jyi-jjLk, j^jj ^l^’Jj) Co-Jjjl tS^J 4, ala- 9 Ji cJUi *£ 


^jLa 2) y+£iCLA *sa t <-\j 1J5 (^'‘ * 1 1^^~**~*° Ju^j J^>* 2 J dLS"* si'-* ~^J OUjuii i 


. Joj\^Jy^ji (jjyAjA •yij\ 

j\ 4^**1!dlfc I y I 3 C*A j&2» I 4jil>- CjJjAI 

Jj>-J(jl°j£ *&C~*\^yZ*y±- {C;\^ I 

^ftLlIiVc y>-j+» ^j+Aj^tia+vj] C^IuXj I a 5^)^>* »5jl^ 

• cT*** ft* L?** J^-*P (3^ IU 

uX^lj O****! J eySL*n 4^jjl,^ 1 <iJjAS^4 j^I>- 0^.. 9 ^j | 4^* 


a_»j ^ I^>^j L>***)^ 1 aAA«,^ 1^)^L >]/< ^ .c. y** 

jULo 4j>- Lo| t j&x? <j!blL*+> O^ J3 ♦ «3^j O^o»o J^A^i J^| 


♦ 4j lj^ < A,»„. 1 . 1 O {j**^jp*** 

♦ C—“I OI Aa^j^I>6 Ot® ljl>o A^*^ -0 ^® 

^j(WJbI & cX-l^Lwfl ^-S^n Aa-A/j^ILo I 

-r5*j! I j lXjI-o-o *\j (^jLj Y\* ♦) 0^4-° J3 0£^*^- , -*"^ j J«M<iyl 

y'j'T, lj jza^^Y^* • cAl~* J-^yl 4 J 

uX^LoJ-ja C-$l— >o ^1? 4 «uIj JIa o£ JJ ♦ lXjI^wo ^1? 4^jlj 


4-0 l J}3 Jp^ *w *< * +*I (^^V,**06 

j ^Jb-j\ _ _ ^Jjl> » ^Mojlj’ O— 'I if jjluj 4.5^)j PL'+j* Osl— 

^ 4_>j Ij jl*J3 \J I Ja—<^I-» C-C^*»> ^ejliXil (_$lojL— 

4-j ll lX 1>-JJ ifJI?- JJ Ja—C-t^ J C*9 \—a • l\—J uVij’ 




oOo^^j osb*>» 


^,»\ • 


\ 

» » 

♦ 

\ 

» » ^r. 

^io 

r 

*. » j>1Y 


i 

* * J^*0 ♦ 

>*\r. 

0 

” » 

>iN\. 


0 ^ JJjl -5 y J^—*j"j: 

9U lAj \ _) 



I ♦ A*l$^A** j j) AoS^*,o ^ ^TIaA-J lj ^IiArT3 A>jIaJLj ^*fL 

^jjbc ^jO 4jLl?jl D ♦ b j4# 0*5 b«o AO^jjji^ <Oj\j \+» 

^*0^bS”V** , '\ l U j\j) J*** I 33 A*m ^j^ A >o^j\j lj t_Aj L*J jAi AA*j 

♦ OO-b A£l^> 4»olj^J 

^c^l 0 I 3y* jA sO-J^bjI^J 3 O ■>■ 4jil>- 2j3 aS*^ j )a~o I 

I jj ^ ^I ♦ Al5CL.o j$ Jjj Ali Lo >UK"Osb-o 0*0 Aj o I 1 ♦ j! Aj 

4-^Aj^j~*5b..oA**Albl^5^ “~^ — gAO.,?.^^ b**o) ^**b aS^^IsLw— o 

aJw^ 15^**^^J^^oL bjl j* \ jt A ♦ c\a ♦ iAfcl^> ~j£~ ^bib- o^5 A**«^j^ j! j> 

0&^***j4^Lj 1 (^bcj |J\J ♦ s__*b\-o AllXwiyO^jj I (^) I ^J54j5r^I aoLo* o^ 5 ^*jjl J* b» A^b 

♦ /N NobI ^j AjjIjJU ^) I ^I j> ^ic jj^> b«)jOctlojj iy^y. <-bl ajI> jj j^ak*** 

> V ^ 

J 0*b O-J j—>- 33 \+a&J3 Oc j^> 3 y>- ^323 3 A; bo $3 j$ ob ^lo^Ub 

b °b o.5^^j| ^..A ji 3 j+*3^{j> I — A».b> oS"^©.,JlI.~~a 

♦ Aj b ^5v-*<o ^*-oJJJAj ^Oco 

^L^O^P^*mj 0 L 0 aS^AJ jbbuV 

♦ ^jb ^jIj^ 4 oob^ ^Ia1>- ^ 3 **^ 4 a*5^ 

0‘S""j^eubab-^lj ( - 5^'^I aS^ 0*i5"^**b5C) I jry*£» A.wo.0 b £))^j I c/*tt 



A$»«-J.i I Jk.a J)b JjJ y>- A*bl vIL-S^ j9+i cVjIli Xijblj 

3y>~ -mji (htC+S^ ojl JJAi JjX ob^****^" >IJ • ^j*%+a lyJ I ouXi'^ll ) 

i'^jo aS*uXj jb oX-jIP^.».<>.>xlLg twvAc-l X'^Aaj lj tXwAi As>*,^<«i»*<1 

(j;J .? ®J_^" ( _^'-°J JJJ j^; ^3j~* ®b C—I JL* 0_j^* jlj* 

JJ ^-JiZ. »«® Ja^j Oa!jpc*a ^Jj JjJaj ^ ^ aS^w-^I 

♦ <-J>jA— ^aU^'j V (_^LlaS 

A-jX 3 3 33 jl *SCj^ (JL».^j J >■ jlt\A JJ O jj ^-o^j {j-**J 

♦ 

jjlyLa-j * 0-^1 ^jJsLa* v^>5^y>* aS^O yS^^ ^jV^Si' aJjI y*£j 

C-wJIjj^oj CmJ £ria-*~o ^ (jy>"2 sIlwSd^ £) I J J J lX*^»Jj^>- J Jjj 

a5^ju^^^L.>s (^jL> 5^ ^^a*> ♦ Jo 1 >.a {Jf j+*j* m ^ cjJJyf- jlx*Aj aS"lU$" J^-*aj 

ojLo Ixjujj)^ (^I^j aS"O y> ^ U ^y-^j (^lAoljl x*^o^5>* 

aS*J yS*\o) ♦ X**£*b (__£yj ^y^^O J cA*y^> llyjj! ^<aju ♦ XXL 

^y^.® J ASbyS"" 1 ^^£-1 1^*0 ji ty fc, iA*A**» ii AtJyA» ♦ ^ yS"" 

0^—-O * (,£l^-»J^O-A Ajlls>ot_\j ♦ s^-3^.S^ o^jluXj I Oy-.-oJ ylad (Y^yjy'yO^I * X> j»t+a 
AXd j\>*J O**) ^Ic-jS^y® JJ Lw^ y*.®^ Jyj AliS^ a 5^ Ij y’y-^xAiaj oXJic * oJl^>- 
j$ o Aj jJi /jjl jljc>"l jl jjl-o J 

^>1^ j j a^S"jj^.5^i_a.>,l> 5"cfA^j (j*** 0 u\^^L^>ci 

^I^t**o I^j I oliil Cj Itjl^jjl jl ^j* l | -^|f*' a ♦ '•tiS Js—** iAaJjJJJlAj obb ** 1 
J Jy>" JJJj jl*X®J) I JJ^^ojI^>-J.IuXa^ 

♦ u\j b^SdwO b ^ 1^-^ aS^^X* 

C)y j+* °^ , > m *)j\j ♦ o**! idL^^jA»w^« ‘-^^aSsZa>o ai^IxS^^ 1 yd L ^-j! ^1 


(^) Aristorcdus (T) Erotosthenes 



• j> ■) 3 l.f*i i 0**m) 4j tJScl£■ ^C-A? 

(J^AjA:*' j\y+>\ 3y 'J+J j\ 0 °j-y3 

♦ C—^l fj-Luoli Jy&> Jlj.**' /){J c-A^f” ^ C**~++Z>- o^i> O JJ I 

3y>~y*j*J yJ3$ jlj £*AJA La 4^^L>cj I li’ 

^3jJ^jl ♦ o^A #0^*1 

It \ • ^il 1 . m ,. 1 ^> ^J>L 6^3 (^^vuV^oolj ^)L& J Js? 

)14^>^jb LI iAaSv——o oS**^>- Ai5 *"jL**j £ a*>Ia.^ (_$I^jI j \ 

♦ A1^a*o Ia-j y* A^lullj Aj L*0 J C*S "yu y £_tA**A)CL,a yJt^i 

^ I ji\y^>~ * ♦ C**A (3^L? y ^)LS"jL.*j JJ 4 mm1i$ ^jjl 

♦ Aaa^wavB j^“ (3“*^ lX>s>lX*3^ ^Ja£ ^.**>L 1 l, -aaA o ■ ■** 

i3)Ia 1>- Lz9 J2 i^jai^e* ^ ji) j*T Oi^ J ^ mi ^-A 

3yzi a*u ^yr^ ^ ^ cA^-A* j ^LI^oLaw y? ^.> J-? I 

O^Ob'^ji^ 0^o>^’ ^^>>jl; L J6^ 

♦ Ju^iLa c-*'A?^ J^9»b ^jLa/j I y ) J^>- 1 l^/bll? O-A 

- ^L^ci 4 J 2 AJ 4 S"*J*m*<) J-n^S L*9l J Lai 

4 <-X**Ij ^^£**A 0t-\O ^ 

Ojl J>- J^~ jl JtSjP ji\ji JJ Jsjllij^iJjl ^IlxS^aST:.. ^ cJLa>- 

« 

C~*l ^o y La^lali a 5” 4 Cwl ^»JaC Jj£- 0*~j iA*ij^> 

<>i ^Lo^A-iS" iAAiu^J) lAj | wa» j I 

^JAi 0 I *y5 ( Caa^I ^j-yJ'JeSJ Jy jljA^ 

^y jWp ^J3 4jLi?jl aXJjI^Is** A^»1j J^jJLai Jl>-J^ 4^A?dli Jl^I^bj i£iXyJy> ^J) I 
♦ At I ^yy y*y 4jiJi?j) AjIj 

jf c5^*» tjc^^jy Sj» jj>l a5C_-oI$Ci#i 



1^0 j) C»—»j ***** cU 

(>T^y) -r\J^ 




rr 





JLAj J>- bMif • J&- jjij ^Ub 4)la, 

Oj^ 1 ^ ^ _r*»j4t4 -rijs^ 

jliL- 4 »L. l> .j jT|X»-j>U» (/-iLj 

,j?*jjl J _r^;Jlj* £—ji «l> 

>~j J—5^L <li £ ■*—-’Jj— 4f*-C j_ **“4 5^1— (3®" I j* U IJJI - 0»-1X j -La | j»- 

«U dljl> u»j* ^4-Ji -S^Jj*- ^ ,Jj .4* Or?" 4 s I t_ri3 £•—I •■*£ ^1 j 

<Jji$*Oj^J J J— £* I J (J—j * l® 0—1 »-* 4*j CiAjj LI—'U-O a-L~— ja 

<-*>-*■ i—s <*jS *u *r pjjfc+A ^i jj. o,_t tsi«-*i^< 

.o-i »j)i 

•■oli-ojla jCi OjVjj *i" jl^jj* |j *U {SJjj\ iS'j-S’ir j 

c <* ^ l— »—■ I *il> i j |—j j j j *l> L. ii,i U®j Ui> 4.1^ 

•L<J <li J *jT4%i ll— 3 J J O— 1 u*ji uUi Uji’l ^J5U *1* 

-4*lj*-,j—JJ lj_r»* (J»_j I_i^i j| .jUi J£— O—|j OjJ* 0 : «>JJJ Ij 

. 4^1m> fl— ,l» £.Jf aOi Jjj 4A|jaw J4t Jlflu|j 4 4j J 




( &Mja nWtolf ) 4 UIF 8 

y-*1y» ^Ub| jj-t~* oIj *2k j-r* fJ -r o 

jJ^Lj wl* jf I lj- j*~ £j*. • w-Uj>^ 1 >H b^y- 

u>^c* a 3^ o>jo—I «*x^j^l>- ^lo u °*ly *£&*}+* g+JJ I 

• j o*j j_ <r *> o—-j <ii J* oj^ 1 (j£j jj| <1J li*oliLijir| wJIc 
(jLu jj jl _ r ii]ofL** *£ o-| oIj (jUii ^ 1 <i-—<ij 15"* 

Oj|j jv It -L» ^L< O^ j— J J I y* 0> J li-4 Laflf -dSL~* Is jjL* 1 J O^ U 

<i1^31 ^ Jl— *1*^ \ d\Y <Col <**y w-JL»- oLi-i.r31 

j I «jJUi ^5^v^— 1 o—y ^1^5^<JJlf_y l ~ ....^ I |» sc »4 t4 —b 

<£oo| 31 j! u* J J jjta(3U| oU )j ^_| ^ 

ojlo ^fy Oa-.lT ^*.3 31 ^1j jy^jj o:U| 3 • .y—• 

£j y^|0,Ji>- (^j jCmIi li IjLa «j\o* <To-1 <J -T »T,, 4 JJ < o— I Aau 1 

• jf Jl O— I #J^J ^JLlT <aeO JJ J *1^ \j.* m U3I J> 

- U m’Lw* <1>I t£|j1j *CJ L* m j+J — *ij Ijfc.—* £ j «.- 0 J J1 j+M 

^tla— jj^a15T_ o— I ^ L^lT'jLo *£i> o-o y »-1 y jj Jly 

. lyt~* ^U? j'U <0 -kOjy* 





cS ■ciL -Uy oT;i •tf'o-l u ayjy. "ifjj, oy -r^J 5 - 1 - 

jn^i o>^- j ui ^w—i i°-^yoy- ■ ■ L ^^r i o i jy-^*oijL— 

^j *&£ | J_)|X jL« *_>l*— <ilj J-C— " ij i 

• 'r'^f IJ^i-^i • J -^-> tS |j l- s ^ 




4jlIaC 4l&l 

|j jjLLc ji.jj U o~!jjU*cj osO os juij^T^.! >■ -rvJS^ 

°-h ^j—;•* ***;j .U XiL. jjUac^i^oi l-> J 

" L "4 u 1 1 J Xm " '-*j ^ ^•• i ' J:^-* 

jjLU ^1 o> JO o*J •»:■> ^r>l> cr-JJ l-> ->l oj f L; 

. «-Li 0>J 

M ^' fjt I j j J "4^j >>• ^»* «—j^ jj->* j «iT "-l j j | j jUac ^a IT* 

(■ ■' a *'- , u J -> <,J " Ji ^*) -‘ J .4*uJ“s 

, •*;"->.>»■-> us*-> us 4-iw Ul* jjj jjLUe ^CLfUriTjl 

*- L *'- i “ , -r»^J|^l_> i I u^JJ 1-iJ vl—-IL* <»->^ ol^.jU’ o—jji^ 

,jiljj yx < J. r ijji_j os*jus 5t*l5'<C-oj^ * 

j| u^-; jlj^ 1 ) ■ c*—\y-^jj> (3 I <i)jb J3U l-U »-U. <iL jo : o4*" jjUoc 0^*- 

(Amedee Guillemin 0*4 ^• J ^~ cltJU-T>tuLry.jUr 




JMa *A»- jMjd • J* j 

‘ 1 0 ^j •jXc* ^jSj- fr\ JJ 

\j \ t±& j ^jlT lOjoi v5^*" *?■ ^^*J‘. I jl^ 

Yerkes jj E E- Barnard j' tr'r*! ) ■ J ;J 0 'jV 

K~i loj 





djld U-i ftUTjUJii gioJIaiMj* 

J X^> ^A ^331 <T<^1*31*^ y I O-Ja* *>JU J3 (lA— 1 i —r \ 

3 Oy~? l^^- 4 j* J- 5 p A J Aj*A-£« Cj jl^p-^Jj xS 




»^3jj 


V>tl" 


j l*J 


*J <T<il»-_jS^ jL-< 

lot- el l-r^Tjl 


i—^j^OlJl J* JJ o^ 

( ^Ji»j4jj_^ Asteroids ■V^.r**!^ ■»•*“*-• i£ 

•ujj / j* iS'jcSl*ji' l £jjJi. l^iTjl 01 Jl j* J ■*■ 
olTjli-^jjj MaximilianaJ Feronia ^ IiSI'jj ■*;>—* 

i_ieTjl Ji; ) . fjS" \j cfiA trJJJ l e—-.I ^ o'—'I**; 

(\ AT. Y Wi 1 —T 



'jj* Xj-H 

J$]pyL*i jjl>* JJ & 0**l (_£JuXi Ju^^l>- £jj*xij ftjLul^^O lJjLju 

^r—^ 0^^ ^iAO u\.J^L>a ^1?\ 1 D ^1 4,*ill$wi £j'^-* i 

• lXjIaIaA ^Jb^LaO J-?l J 

lXIj La ^4^ OmJ^ Lo^J^ ^ ^.i^-A-© 

4.£*.u^J^^0 jJ ^ ,AW ^ J* ^ j^T ^ ^ C. \ j> Lo ♦ «Aj jl J Lft 

♦ iAa^A^a JjCiJ ^flfcA^o jL5 "j A-ijS''JJJ Jl^-ji 





^Olyl^Cojb ob- 

iSCjly I jSL>J> 3 iATjII J _j_>- (ib-JJ 
.u\jj b ^ ly^.*-* jj| yb\kjaJJ ^L» 

—liA>- ^b^S""I 
(^l^oLl; Ij ly I *> . aii>-Iiii 

iSj£ j—® ^.*;U olila.?- 

• (r\) J^-"' ^;-°^ (_s-° o^yb-j (l$ j~-z.») y-oX^iyO (_/jU> (o_^9>j) (j-yj (^jiLt) 

. Ju Ji,*A\.'.'AA^>-b \.^j I a 5"lealL-jb^ (O y>\jj\£ j\l **^1 

^j|^l*I JJ ■> (^) l jlj A^J ^I^I^SCjb^ V v A**J( B Jb>M lXmS^UJ J {2Jl$ dSCijZ* 

I A**’ 4S^^A*£*5^ JjjJ j\ . l\1aaA.awwO (_£j) J ^ <Al>La^-«J ^-*-0 4j 

J j~J> 1 y>\j3 ob_9 Ali\-®J) oA£> 5 j+» & (All—I £ oJbJ3 DjUoC- 4^" 

^1 jb y+> j^bb-*** a^a> s^a) Li S^”^3^—b 

. aUjL^ 

( jU' lj JJ ^ ^1^-JJ ,*JjJs> AULo sIIa^JA. +£>Jy>t) 3J ^ 6 jb-^ ^30 I U‘«»..b> 

^A^bb** 1 *■ A****(® x\^M*33^"-^ I L®JAaiOi*w ^ah^I ^AA^bj 

Ajb fb AjUa£ <^ob** J^bb . A^LoJlo I ^lAjJ A^(^UaI^ iS^S 

^Co^Job *jb- Cm>^ di> iai ju^j^p-jl^i) <j5"a^ fia*b^Ju~j 





^^y~* > ’J" i *)jy I jii\&%t jM »<• ^**2+) * **\^+M»jy&tt ASbb k^p^i*Swj 1 m^ 

^^Ja* I 5 ^^1 jp (1^*^ L».*<eL *>-a ob ob (j>yj ^p-o jl^y 

. ilob' &y t tiK*j*. ^ ^ 

'jia+i uXJj La CL^m++\i JS L\JiA*^^^>*J) ob 45**Ji^lLag .} 

I (*LoJ^ftl5"jl^j I \aJi$ ( j~B >\^(l ♦jT""lJ^^l) '^•+*j** 

5 . i_\j L* ^JL>u^^peM.j 4Sjj****il lA*-**0^>cj l£1o^> $ ctl^^fTJt-Xii I .5 jllaC 
I^j I 6^1 aS** 5'+ -*'** ^^ pljL^^jbw^l 

c C^O I JL'O J>)j> L> JuJ> jjjjj U :>jUa£ . JuJ p*ly»i 


. w- 1 I J 1 ^-**0 «A*«**»J ^ ^ ^ Jf** ^ iS J») «*»*** JO 


*!>■ A> 


/ 


(n)jJ^ I &S I _o-i ^b.*/j I 6 jb»*» JO aS^iA**.^ b OiA.j2£>\^ij Ij 

l_jJj.£ jl A*j (^J>s.>^5 A JJ>*a —L? JJ i^llS I jl J^Sjl^o^JJ Jj \jj*%*A 

. OjIaS" (.Djllap) (\) iSJjfij A U ( j*‘ <0 ^-^ iAj^^Sw^j!(Aj_iA^ ^ t»T 

b^*-alj s —» «*■ *• * j *■»><*< o_jb**< C_*b IiA^-o.^9 b A^w^»*lSCc\Jfe 

0 ^j#b <-AO^S^*.o bob.*«l L^.^,jlj^j u\JoLo^-o a® . ^O^Ia^T 

. lAj ob l^.j L (l) (r) c*** lXJLl^IsAJ.)^ 

*yJ)l * .jL*»***j ^Jjb- 'Sii J (.^I^jJ? ^L**w ^jUa£- 

Uj Ij . lX*«Ij AZ**i| ^_Jo i.9 j£* Vw-^xjIj^^ aS^ C 4«* )l t_Aj J)^Jj i\*j>+>_) j>zj J\SJh T 

01 jl . ^S jl^ IjJ jjU» I $-* aSCi^jJ v^>jbl U (j\ji a5"a^T 

(Jk I 0*lc . s«1wj|l X+£>J^>- I i£3J I l) AI^tA^ 

OyOjOl /I . ^^wmG AX^Jfc* I ^JiAj jr^ 

J^.C^I c5J c-A--«ai ^al O^aI C—I lA^^jj>- oJj.l5^ 


uXa^Aj 


! 


(N) - Apollo (T) — Mercury (r) * Set (i) - Horue 



A 3 y^ I A*** A A**>■ iSy ** J ^j**3^1a$o ^ jlia£> aSw*j I twAc 

A^aS’JJ JU O^UjI^/b JjUaC . C^lob cob Jb £ U-> 

aS"^ $ L ^ - ° ^ A-* iS^J^3^ AOAa^** Aj d!j>- 0^3 AjAA ^)l> j>~ Oj>u) JJ3 c A^j y 
, kL*+ *\ C)y ^I 3 3^3 IAaJ (j£ j+3u*>,\ c_ jA^CJ J5^j Aj-AA^J>- (^£^*w 

J^IjIa^J) . A*mIj {C,y*A+i *jb 0 ^ a 5"AO Opb A^O^A*-*" AbL> aj3 

^AA^^Oh^* I y I a^a«j l^> A^JXjj^>- b a^^lS^iJjIj? ijb^ Lj.j^l-o a^Aj a aaa ai>* 

JjllaC 3y>^A AJA_j C*S* j'-^’ ^0 ^ y*" '*-*£'j -^aI A$*Alff 

^sbOAA a^JjH r c-jL^^ayobj5" l^yo VjA?b>jjj ao-* yA~..jb I 

. Ajbo ^sb CmJUj^vJ^>A pfb 

^1 . A,^Loo ^jAj { J~* h *3 j— ^J3 0*0 l^l>* ^jUaC 

i—ij^jlj* (^Lfb OOO A (Ab**>"A«3 Ab—b/j <—b Aj O <^A AaIS^ al_^^> abw AA*^ b 

♦ 0**J 6^ ^^o^s»u b aLo A—A> ^b>- ay ^£>Ab . AO A^Jbl^y* 

<y>b Jaa_>- a jU jl-jI jjIjj 3j_p*a Ia-* ^jUoc jj ly> a_SC;^I ^3 ^1^ 

(Jja>* 0**^** AA 1 —b j^ l 9y^~33 ^ 1 j yi<^j*ii\ • (^) 

(^baS^b-J I^^Ac^A"?"^ ^J^pIO-o-OaS"^-O b AlA»b^-bUna O -mJ \j ^a A^j y^"3y L-^o 

0^>lLa^JjA^-^ I IIjJbAjA^l^i-^'A^-AS^AjJajboJ^ ♦ Al^L^o^Jl>*y 
b)A-^>-A 0^0*^ *-3I A t$bo9 Ojb L$b^»j*l 

. aI-S^Ia-o (_^l Aja^-^bo^Jo I 3 Op^-*a> ajj )y~® aj a y*~»jt b*xb a!o> 0 y >-Ab a a> Ab 

A AjaA ^lyS" j>- Ar>*A^ ^-ob-o oa! bo b Aj>o I a*«5 ^j A^*y ^bs 

aS^AA b ^jly-o CL)3 ^*&+ > 1 A-5 . ^*>-«bjj I Al^^ ^ A b^o^l 

Aj«? !y» a5 "^jSly y?ji . 0-^1 o>bb a o5^^?JI ^IjIjj 

j , ‘ , (j^ a ! b^>j I oS" {J^y* -;b^^A OjI^ja^ k>js 

JAaj ^ aS^^- i.5v—-ua ^?^3 ^j^Ab J u i S *j_yJb> , ^jLajOkv! aS" 

(N) - Edington 




Cj) ,AUl*J a5**IA Jjla* If^i'l $y+$j*4 

. A^ A*l y± 

_ (j\ V» Aj^JLv® •H-w**! JtLhO sII^V^jA^A 4>-A^ 4^"IA ^j* I 

4>*jj f \s 1 a *LjiI ^«a*> Aj |4 XmA l^j’ l^Jbl^wA.) LoA I A^ .•5^5** 

Ojl^1>* • A*J ^ ^j+» AjlA fli ^Ha-o yiMS ^S"^)l 

cSl*OA j &Jl 4 ^ ^‘1 J^I^AA AJuil JoalS' JJ^SO Jb-J3 0 I ^U^*b jUa* 

, AjA ^)l £n$y> (jy y> AAAj AA I fL.0*£V» ^ I 

^jJLaZu y$ A AO^A^Cj ^9V1?I AA\j A«^ ^Ji) A1 ^S**I 

^1 I 4J1***A ! ^A I 1 lXjV^j ^iixo j6*&J2 (j I OAl45"Ju Ajlj 

413^5"oIa A Aj jS^—>^ aA.a 1 AA oS"^ s>o AA^c<° l£^ y& b 

4^0.^-*j^-O *Lilc$Up»l i^llAO C*t(AI iLjIaAA AAf- j+** AA1*!S^*a j^aaLksu ^J&l) 

. A-*-« ® AlwA A cA*2 AC-^ 

I (aI^T^uL^^1*j) AAIj oA^jA^ r^ ^jI^a!4>-A«^ 4^13U?Ia^ 

^ )A AJAa 5 ^ 4-*j\jAA J^a> y>^ Y* Ot j-^j L Jk^Js^a ^pflJj 1/>,A 45"^) I 

.Alls'* j>"J3y2>\sjy \ ^jAJj>* C*£j*A> ^J^^j-S'l (^Ia ^> 1A^ (^A^*--**> 4lJI . AA^I 

^jA\jA ^ ^1 CJ&j>" Ot j*» A-J.5"jJ*aI>A Ia (3^1 (^La ^ 

^c\^ j- 5 ^ \>- AA vll^o 45" I 1 4 ^A*wj I I sH^ftSC-^ A IA C-<a*jj^- 

^L^l A^4^ 4 S"<^) I A^« A OaI A O^txfck ST I . AJaIA i CAc aiaU (_$A>-Ia 

^yX^jS(S^ ^j’l ^A • LS^“i 0^?BI Lj v “‘—A*»i I 

iSj2>- J5 (3A I yS^ Ij JJ^~o jSo 0-5^A _/| ^5" 

^ A/ 1 * ^ y)j{ ijpy* fj-A* ^t5***i ‘ ^-; J A-^ J>" 

. jJjb ^ob jj 

( iA^> a A 2 - 0 1 ^^j-*-- 0 V^J v ■‘^. ^ .i ^_J ) 

jl^p-jJ^I ^j***£- A^> Ljad^id tplj v— t&j'ji Ij 





jaj 4^j ^Izi) y* 1 ^>-VL ££ lX 

4 JL+JbP* /\i I l> I . lAjIja,® L«a9^0 Ij 4J^1^ 45*0'.**! ^lo^j! jk 

. d^>-V^J 3j£> OuXJ) J LlaSJJ) 4^ t —' 4 J y^ 

%a .33C>ifi}j\j ^ j\f^3j\3 J£a\ J) <uJI 

'jZ j* 3yl* l±*J3 ^\jJ 3 j*^S\ \ «^£ jm* L 1 —>y 4jjiS^ I 4^6 lX^v1U>1> 
J <-X)La wXfcl y> \J^3 J 3 j+» ^J&UZjV (S Xa9JJ5 JL-* L^J^-Xa 4^3 j t \ yskj 

.^^jU 4Z>-L*>^S^<& 4SXl***») Cm^I 6iA-^ JLta!^ 

3 l*ai ^jlj^.3 j+ajL^ \ \ vlZ*C j*» 

Ct&jM* li I 0^-^T j !^Za^» 0^1.5" Juft I ^£>E j J"^-/^ 

lAl^xJLj Z>JJ) ^.o.j I^fcu\» I _)3 CL*3 j&z* L<a$ 
31 ;j3 JLijlS^r *3J^J3 [a c^L aS ^3 /Ij JJ Ij 3p- 4 ^i^La]’ 0^X° jl^* 

I j* i jjI p Cj'* ^ 4^ jjS^ j*** i^)Li'>*L ■<^a i-XjI-j 

j! olil Jjj>- oJy>- J3 l*a$ C***! ^JsL*a ^i I J3 . lXjIj j» 

\Z^***\J^-.i3 . 3y+* ^)l 3^j+» (^ISOX* (j^j cXjL (_^Lia9 J3 33^K\ 

^Uss *y>- djL 32 ojj^ j d y jUi^4iij5C; JI o^l*w& 31 Ju^ ^JL* 

. 01 

4Sv^J ) ^3s^i ^Iwlj jl !*X) lo C^.p« Ij J O-^Lo ^y>c^XjJ> 

4Sdj | C tXlS^ jl j3 3) 1 V_5^ jXl jl l-Xllj^^-oj I Jt-XflJ I \a ^y.J 

03^* 4 ^^"^' a -* j ^*° jS^^l^jl$^4SC*j I^STj J J tuX^ ^j<XJLjJ^ j.Z/oj1*5" N > 4j 

y> I t -^ , 3~***>3 4^I OJ^-Xo J lXU-^A <^3aj (—J ^ JOJ^-9 

s—*n*n3J 1 ^)JJJ*f_? ^^-*l-*-ft lj iAjX* L®1 . uXl-<.^^A IcXaJ 

.4jlj J3y^Aj\.*S'\ \ jl j.1 .1..i ^jlj ^ZC- j** {JJJJljS j\S^^j\t,A& ¥ J3j.A*&J3 &Jiy"> 

Aj> ^ji 1 -^" j* 4 03j>-^ : Olf r -l tSd^ks^.z: jjJ jl |jj 

. 091 jjbl 





wU«* j* UjS"i 

,|-VJ^ ily ^■* ,> » , ft* cjl 1^* I t^Llfli lX) lyy Jaaj^JS'y c*4 


<x5" O .***! ^jUat <Xol>- 6^5 . C«^l JjUa£ y S*cJju i)lii*J ^*1*.$ ^1) 

lXm^ 1 Jy^ 1 OcX**S^ • «^^l «5 4_y lj4—b l» J*** ^***^ 

3lj^ 'j <xS^i,_jlj (J? ^ (_£uXj*y ! ^ ^^***J$f I ^jjUn ^rl 

Oy^ IcSUjlS*J>jUaC<\$"J>VtO\ji ^ 4aJ >~r* L?jl 
c**o jl Ij jsJ y* ^iJL^ a* L* Oj^^l^Lii jl ; I JUTlj^jCo ^Ujl^ } 

♦ ^oI^-xj 1 L* uV^wL ^y>^-o iAjL^ * ^1 j 



A**wL*£i^o.j 

J (^jliA_>ajl (£Jjl,Ajj\ai A— 

,Sj\ JO /V uX^J^ JJAj JjUaC 


_cl©jL*AJ 0^CbJ^ A 


♦ Aw*L***>^.o 


OjlAj tS3j** 



( j^j ">“ O-^I^SCo^j A*^>J^.s»cj ^1 L 

A*jlj *j£>J ♦ J A^jj^jl aS*" 

•^•pr*c 5 * J’-rO 1 o-^j ! ^ ju^j _p- ^jlLOl I I <_oy-31 


j»^LLic- ajLq -j.^> ©j d jlj l^jljj.) oj!a>I^<o 4jL** wAp) & s»a**^1 (j?jixi> 

a^ai^C^d^US"^£1* 0j ^^* A J ***J3J2 I^ Io_^>-*a;j^ ©LlAjj> 

•-^A^ ^fcl_lb v *A A_^J I J ( \ ) ^j*» J J^.4—,9 AjAO ^—a AaA—» jl 4$lj ^SCj ♦ 

^ J) j!a©L>A ^«.Ai J o^<b^ ©L© J) Jl***^^) A> IA*-©lj(^) 


Oj£»a*jIa«Aj i^j> J ^Pj! A*> J J oLo 

Al^A©^iaA.*w^_S””3 aS^^LVAj^ ©L~a> (,3-^’^_ < /‘ 0 ^ ^ Ul^= j) jUaC- AU L© © jfr J 

l^j I aSAj^-^A* L a^^ja-** aaX1 ^jIjj 0^^"J ♦ (^AjJ^^') 


(N) Phosphoros (T) Hesperus 




. oX J jj I <ll> jlr k-j J& Aflij o—l J>>- J l* ^ J jUaP ^1» J - i ♦ 

1-^j^O— jjjUaPojlZ-- <T>^«Lw* ^)Ll> |) <iai3 dj*Tb j 

j ^loj jjUaP <_£ cX j»- j^* 3 jr^ £ A * ♦ d> IJ1^ < ~^'jX ^■■ ^ a * > (j1 1 

J J*y* y- <£J ^ .xa-u* C—bo_> eljjT <To-| 

cu^jjj ji) x±~+jXjy ^UaOi t 1 a O a *Xc+~\ 

■ (•■*£ ^\ \ ♦ Y^*l> \ i “4^->_>*- >401 jjLUaj^ Yerkes 





A—*\ji*- if u\* H.G,wells^J •£ •* 

t^l>* 0^* * •*» J^rr 4 d>^*k<j;jj O^— 1 1 XiUj -d^L^ 

^S^jU ctL «3^m c 5^ cr?*^ *a!» L« -Jj Li -viL^* ,3*5 j I 

Ctl 0 *^j A -)\r ‘! Ol.»-r* l J ^ "*; ^W-iSJ.r*' ■x^L-'jljj jW~; 

J^-^jUflT ^I <J'c—l t? fi-^ .OiU l ,y 

Cosmopolitan -> J H.G. wells 31 ,o—i ,ji- 

'(. c—1 *4.a^Tj-LJ| .4i Magazine 




viU Ails- J.*?j j\ j* o v 

bjJ**' . c*»>\ ^-laS O??* j c J y~~z* £_J& i_£^l> <^*ui** ts*~ —£'T 

jlj*>) ■ >y—t‘ “ J -i J j! y* 1 , ^0y)ai- J-* 4 JJ i£l*<CJj <iCij ^ ^Sl—a 

(\ \ X i./r’^-N \ bcilJ <; pj Trumpler C-'^’ 



jj-IajLj Ganymede juJU® 

j* *j? - L »s'^i 3 fyy* *jLj I 31 —{.yJSTi 

jjti t£j^2.A tSjj c*~- u»_,> j~* £|*| <jL»j j_^. * . . 4 «Jo (jJ^; l _^» 

l;AHook er ‘r , ^- i:l : N X \ tr'J L * N op jL'jj j| Ji ) <;_* 

(• oJ-i/ J 



* 0 ^> I j> ^ fU? J 01 )l 

<X+*+>Jy-^ I Ji I 4.j L* 05^.i I ♦ J)j-^a* jl jb X*JXj y> J) ol® o jb J 

♦ OuXa*> £«b ^?3 CaaaJ l-<yj &j&>J iSJJ'i) ^ I^r****f ^jj** 

JJj> v,A,^ j cSJuiL dS^S^I Ij o 

♦C*a*>! 4j>^L® 4JL*A.£t oj&J aS^uXIa^TaJB ^)L<*5^j5To ©jl—* 

(^)ol-^Ar b,w -^ (n)Oj-“*^-? oA® a^aAlX^Ul® ( ^<>-*^ 

^ 0 L* ^ 0^>\^^^&®^_2lAj ©^JbJ jl>^> cA«Jj O-? 4 -^ i-Xi l®i^4*jJ^Pe*.!o ^jIjOuXa*© 'jP>Jj\ 

K-A. tlS 'JJ ♦ (o*\ lX_ 1>- (Ji^o j3$jl*+> I <Jl> J _?„,)) uX^Ss-lja jJ^—L? a5C-L 0£^ 

♦ ^-•*A jL-4**j^ lj ^^JIojj <-xul® o^j (Jl^^-I^ ^l«s>jl 

OjbJjL **aj I J3 ^;l ^jJj^OA*£eO £]j5*c® 

O^aJ lA-.®I U ^ 4s»&^o 4 j\j4.*aiIl© ♦i_\j J J)Lo iHaamiAj 

cllA jL%*^l^)tA^^>c*.fcl♦ JuXsLj ^ l I _)L?bj jC) I _A(_£ j* \\i)y++^3 l)^J^j*** 

bjhS'^) u\j I^jLuwI^aj>u I Il\jA) ja^^\ y>-^ l^>^liAZ» 0^ 

i£3J I^J^1a*j CjJ y&X* 0^*>- ^?Ij j\ .lXJ i.*® uAC-Leal® l^Aji-S I 

(AlS^ojL<ijlA«l I Jf\ j+*S A>- X\.) 4-© IA (_^l j>' 2h _Ac>l) kX^j j1«AjcXj 

o^^oJcj'A>' )j J>j>-y* dLw^J^ iAaa^Ij-XJuX-j ^>uXjo jIcXju 

^3^yi 0 J ^ (_$ (S j^- O^j I y^" S^I jlS" 

^J I S ^ S I ^<j 1 ^j\_jj , hul J n . ^ *L j f ^ _y^* 1.a.a^*I u\— ‘-^}''l\j I 

1^— .cXJL—lj o*\jj JJ {J I J2 \S ^^j^a ^jA Alp uXi ^yi ?co I oj\.^uJ jU^jbi 1 

si ^S"jJ jlj o I JJ C-li (^lejl*— jJJ I 3y>-J 

. c—I ^IlU; I jLw Jj-I^ji L\il A.^ib iy>-j £ I Uj jjlaj 


(\) Mont Wilson ( , f) St- John (r) Nicholson 



j-J J (n) i3*"l J t _j“‘„^ J iS 

jImmi a jt>j jl-m I J J l^£> <SJ 4.«-Ij L 3 y>- Ji I JJ (J-i JL« Jyl>- 

0^—-“I L?^ *^JI • C.~l i)l> ®_^c5lyfc 09j -y ;>.**>■ jj j 

4j C..J ^J>La.a y j j\ — ; iJL^i O^- 0 jlj—& J^ i ^J^iX>j 

.JCjLi eiAjjj iXUS^j-JUj - 0^; a 5"Jj_yi !_)■;>■ 

. /■- 

y*j ^.llio ^ J* K ^ J * > b l—J ^ jU>CJ y 0 j r* ' **^ ^ ^«-Vp Jjjl ^Loj Ij 

. Om*j) OjLmU I c\j J 

ij (JLoJd^lj GlX** ^ ^ a 

o jfiiJ lil JL>- (J,\*fi>\ J&*M=> J2 j5 ^\j^ j\ I ^#1 

<A^I J ( n ) (jjy C*a«I °j*J I —a j\^ . C—*J 4I*a»1>- j) 

(cor) jjA, dL 

^>1 lAjL^ O 5y"^ 4j\-***^ft &^iSwOJj j! y* I 

dl.i^* (^l/b \jS>q^> j) j±h \j j++> ^ (^|o^\.>^i oj&J — Jul^ j» \j Lo 5 y *a S L b aXo^ 

! jUi> (^L*3l5"j c^b^i«>5C>- 01 y-j ciUs (_$L »£3 

l*ad ^_-o-fl^ _^Lx JJ ^ ^j*oL«a9 (—''Lj^_S"" tX*-**»l 

. jj5" I 


N—Henry norris Russell 



ci, 


>p3 



i 3 (j'S 'j&+* ^ij 

5^1 ji l jj* bb**» 

^JiJL>'333 ^b^Tj J Oj_^ 

J Jib^L* {C\ ob** 1^0 0 1 y&s 
. c-J ai>-Ln 

<iJ>l>3 obj-** U 333 J>\ 33 

* (^ ^ V__-»*AI I 0<Aa^ ^tj ^ ° b^ 

1 OlAJLwJ jj (n) j~)3 • ^ l5"*^ ^ ^jJaAO b b* ^ ^b*" ^; 

. C**~l o3J3 I (J^J*, b Ob^b-O *3J*y Ojlj ^y\j3 <£J3+3 4>*y wJb- (jbj 

^ J y3* ^^b.a Ij ^Jj ^-Jbjy> AjJVLxo 33 y* JUL.*} <3333 43^blj 1 J £xt jA O^PcliJkJ 

3 y*a-*-A ^ybi I (^) b b 4—S^(_£A>- lj ^J3 3j3 O^bl 0 ^ C5_y~I iaj I y« 

. 4j \j C-J 

jjj J b^S^b jlyu5 *3 C**J J>333 ^X^3y3a y^3 jl ^i^r° 

0amJ 1<3 A*J5yy> b 0 ^ ^l^ld iAai^j) j3 1 3 ^ J* iaAjJ 4jJl . ju^La obib 

^1a . AlSC^o y [a £ *£*33 \J:\i3za cA$b** 33 b 33 ^S^jlju* y>~ 
^j£.a>a I I <jX*^y3 33 4^Jc **l ^^5^o>ly*j b(\) cfS*j-* £ 

. JuiAj Ai^lj J>y>J J vi^ O. 

C»b yy* b ^ c^b jZ ojb**>» j& yu^j I 3 y>- y a ^Iyb jIaao 


Q Wells \-Peath Valley 



j a^I^A^^ JS 5*.*^L‘.>-~ 1 3j^M^l\t ^\yhj\^JLA^\ 

^3»jojL^ y*a £*j 5 jLj 3y>-yA (_£l y*> jliAio ^I del Sj~*yj L» ^aaJJJ 

0.aU-jlo.A Iy» .J y~*A J>Ij j jjJJJ !*=>_y«a:*A Ojl^O^l; JuOj_p- dLj^J 
!JObi_A^ I _/l _^j jj UajUJ^ j Ia ajUe* _^Lio ^ifjjb <\+Z>jy>-jy JjUa jj I j 

*XJ*Jy>-Jy I^A .iAlSw_o (_£j.jTjA>- Jbj\ I JJyi \y A 4^^1*A \j 

. jijIj^SC; U CMi b aJob- c^U $ ojbju* j_^c ojb-l lj 

^A^?^ JO Jy ">~_jl ^.A v—&.llA *jrzj jA ^JUI (Jbti O-A . ^A i-XjI. 

ajji^iS C>!^A y^>- J2 AS Ia (JU>« \.^> I ^.A A~~SC_~o (_$jj (3*®-^ (^I^AJJ 

^jjf^^°.A iAa. L 4J h. b 3y^*~^ ^ibs^z}^A I . iAj^**$CLa ^ ^a.;3 ^Aco 
o j[*.j*i*yi I d)A^bj Cj~*^^ 0 oeXL-S""^^- (^1 J :Al> .jC 0.1 

.CauuJojj I, jb ’^j .3jS^ _? (3°*^^ obj^>j*o U I db- 0-?^ a.a>L> °3 k-iii 1j 

c~J\jL^> ijsS ^b^ajl ol y m J (jb^bj.** 

L ji I ji (Ji^j** ^ij“° db O^-m- 3 ^1 db I 

Cc. Ojbbjb 1^5»o ^j&>$ 4A.A»A,S^d) I ^>"jl ^jb>hi_\dl-> <Xldb 4*5 1? 

iy-T ' j* N \ AJtA>*JA J o^*3 JA *C)b JA C«*l ^ulbjA e jly 

(^uXO \ >* cXjI^Ia^ I J Aj^>- ^a-u^j 1 t C^-«j AjUaf- ^1 J+5 J y~> ^c> jA A.^^fbeJ ^ .iAdt» 

. o**3^r d- 3 ^ 1^*^ 0 ^ 7*^ 2m, j^ ^-^1 (j}J Ajlcx^.Swj 

13 j&- J jla> b (_^|^jj J^/b _^Il\A© ^j>\ . tX^lj AJJmIa I yP* b '^JIaO.) ^T i jA Juld 
J* ^3^^"****® ^uXA> Lo.A L® U a ) ^ 

^\X*J J^b 4.^uljl L^ftb ■AfV.jfrOjJ 

(Ajjb)^3> 4 a> b ^ iJb’J tAj 

a ^jb y v 3O^b ! 

^A4,S^ >,<».) I ^ c jjasjS'*O aa*. ^ ■ 


4^,/b 



ai $)~*' A ^)j\ i^\,j m OL***.*a 

. Alii*.** l* o^i e$Lf~**y{ JU^>- /jjl jlj 

Ia ^*jj ji 3^*<w Lai I ^y*,aL»-0 YYi^iLa,** AaLaJwaA^ i ^jyy•) .)3^ j l ®Li 

A^.jb 1 a^.juo _ viA**l oL®Y V y*y (Jl^» Cjty ^jVj^L? ■ ‘^'■^aLo5Cl> 

. 0-^1 o«A^ ©AO ^ ^.a I A^f J J ©La_0 \-&J_2D ^ jF^ A^^-*J I A>.a 

/fc-> /■— 

. I (^Lft JJJ'jjlj ^Jr- 3^^ (J?^ A 0 ^ J* j> x£\* J^y 

A^-jbd \ j\ ^Jb^L® ^S^A^J JOjj^ Aj L^A l^*aAJ)j.al A^*jls>tj I jl 

0 col <*+><^-* ^5") IjJ c ^1©^ {_)j iS^ l^jb I j aoojj>* ^La^T 

0 ♦ _) oL&J3 \&MJ J) \j* C£^®^SA>\0 . C-f-L) AjLu IlA1<0 

^C~iL>^a ^ fS^Jp L^aA» ,(j)l Js^i L**> A>vO \ » jl ^g-<»5^) 0*w! sCjL^SA^ A>-_0 

.^j aaLo ^y>-j 3 ^\j* j+» ^j+*j>- IjC^alaas Ijb^l^i IVa*^ 1 U aS^ \jij**i A>j^ 0^ 

. A,** j-L * jtL*& j}J sC-A^JA^ A >-J2 \ ♦ Aj Loj*w £T> jA 

A A*« j^A J la*) J)\Sj ^JjL<Ca y&^ c-^J.^-!.3 aI jA cl^-J A 

^ a5J ©a^^ (£ Y. ^j.Hn | i afl| ^(^Iaa^J I 

(_£IaIa^ ibli©AA ^j^©»w (J^AA-^ aL**^ A5*Aj^C^.a dtXftLi*<a^*> 1^) I 
s^-! Jl* aS" i?^Ja>* ^jjJ .A-AlA-.a^>lal ( D^ Ja^,ia>- 

^aS^ li*> (JJ ^ AI^»_A aS^IL a AlJI . A^j LA.a^^i^o a^-*^lj ia-s^ 

! A-",«■■ fcAr>- A> J 

S^" ^Ja9 J~^ (JF**y -? l—^a j\y A^CLsfkd^a 

jL»-*.>(_^Ljt A^J AZ*^J 0 ^ 1*A*j • Aj^A>.^ajlA j Aj 1 ^.i jLl5" (^!o j*>y*~M* (^LftA^J 
(_?LfeA^J 2Jj*aj A>-.Aj^^^^-o^Ja9 tfiojj 

LftA^j^jil(^)AO 0^-^ ♦tA**j|to Ja^ A) ^jLIm-jL Ja-^^Li AI^L A>u^ y^j* '^■^' < * aJ 

U_|bljLa , 5y~+*A \y I 5 i^IAx>^-*ai ji (J&_) (^ALm^^Lka ) j\^+*>>2 AL».«*o 

^ tfAj J Ij \y I 31 (5^3 '^SLj* Lc^I a5*Cw-I OjUlo 2JJjj* I 



\j L»*j I (_$\ **j** ^ J5+?** ^■■* j ^ £3"./* 

^XJ jA I _)\^Zi ^ItXi-O , uX-LnS^ IAaS^ I j *+ *& I .jAaMMJ _^lu\jLoJ lAj L» l *\*.tS^ 

♦ . lo jB.S&5 ^>-jA l-J I jls*c* ^ j» 1 j» C**0<2 0*^1 

J j~k,+AJj Las>- vIU-wl ^>1^1 jA> -Lp^Ia «A^O A^^jlsjaJ 1 jl 

Jl1>- ! jJjIj^ j+> jA ^Jlfcl &3^Jy*> 

J3 l\A_j ^y» (j yj$\ a2jS'(^jO&“ \j (— j**** 4!^+*+Jj I ji 

^2* j* J3 £-*=> J {j! IJ l Jo J j* J_J oljf <Xilj 4^* IJ J 0> *“^ I 4^ (J? I 0 jL^-j jA**>.qj I 

t'w-^Lo^yLo 

cibol y*a£z.A ^Jet-X*A>o J^i.,9 o; ; 

4.$CjU-JJ . C— ^*aJj (_^l^A aj^I ^) I J3 J y>~^A 4^^o I i^Iaj lX—^Aj 

y* Oj *~^ 'y^ji»l^ Ojy^ Ijl^xio ^y*i o^I^'cXj I jl °J^ 

. v_ *■*>* I C.-JJI aISjjUdo tsl j»JJ 





A, » A » 

o l fij 3 vi^-^ioi 

. Om^I {£>^pJL& 

j i ix<q ^i^** y^^-o j<b 

^r*<+»j* [S I ■ j* 



I j\ t^* IolA-^ y jo Y^ ^ 

. Vw^>! ^»h*^ 33b.» » > j 1 *-^° 

. 55 l $5 _j^oS^i <_£^ii(6 lr i_x^*SC*^o 

3 «w*A laC^I t-\xS^_£o-J OijSCMO bX*^0^—^>• jl A^Lo JtAl*. AA» /' 
iAa>^^^>-^I (_\.*j . (£,. .31x31 jji?u ^llal-MU 

jlj_^ \ £ A J^-Lu Jjb c 5 ^i^ A^J^>* Jji 

(JJ«A_> .C***l J+5 jy j> \j> N o *01 ^y I^jLi> . {j+ A Jjt ^**1 

j\5 a^ 1-3 i i2jsB La , 5 jj <Ajfcl^>- O^xJ a ^£y I \ .5 j j> 3 3 ^^^ " 1 oL*-- 

Lj jJhi (^L» aS*"uXj 5 ^>"5 IuX^aa 

( J-*AJ^1 .Ju1aa 3 Jjjljl AJ^Xa C^U-A-bUi ^A^JtJ ^Z^*-J ^^aI Ajli^^I^-J JLojX.C-**! 

(£^b^ AXLftj 3 ^ N 0 ♦ v-^^b I(_$I^j A^lj) \ ♦ 0 ♦ 5y» (_£J 

jJwwm- 3 3 v-**-*5jt£ , 0^ «AjL^< . iA*X x5CaA tJ^Ji? <JL*^ Ljb o_^\3 A^-oljl 

. ^ol^ t <£jbj; y&-jy^* ufry 



)\ 4^JwV. r -* j!UL* y* j£\ 

0j»J2 :C~*\y>jb 2JJ (iU^iljl^O Jjta laAco s~2->^~! <£j *~^'I y? iy 
ijj I ^t 1 o^(_>jjj . jJL* oj j^jlx!>- ix£oIiAjiAj i^) 11 ■)y 4.$3^*>-l 

oAaX uXjuXiI_> ^L£> I (jy ^I . i^c? j>" A^\j J Lo a 5^_>- AjuL» 

A-o I I ^aa»^jAj> ■ ojlsfU, ^1 J Jj j\.aa*-j A A—a o Aj .3 A.^ ^ ^oL^Jjb 

! liXoo-i L* 

CaL*j l^J j^T^S3 fUi aS* A>^.^sjtLo 
j+£*a a5"^jIAa^ . AL^Ia* {^AAi (^i^i <£jJLa &S*0o2yt>l*j* 

. ^jb £ij-*j <yf)\ j>a£j! JJ^ ^ ^aJ IAa4*J ^ 0*a»I OlX^ ZjM* 

Ij ^Lo^JuX ^Jlyua'^ A^-OIja A* L-o «3j>*jj (_$ JZJLa A^CajL aj AjIA> 
AaaaOj 2 *" L a*j >w 1 *j aj iAj^ ^Ij> !i_x*j . a^jIa(J^ 5 o*wl *3 j>-j* 

Ai„jl«3 ^ ^u ftL j&fc {\ y I 

0 ^-*^J • A^lj oLa^l^^^«_5^Ju J A ^©l^J (^^Aaoj qj^C-ai aL U AuLJIS"A^wJ 3 J 
p* \ jl 0 I jLJI a 5*pj.iT*JiS\*Aju AjU a aja^Ca* 01 jjju oU \ aS^Iaa* 

j\m\^ a^-> . AJAa*^9 ySj+* Sa.-C-Io L^feLo \TYo (JLi» . A> j",*--' 

JAa^Oj>- ^4 J^A-oJ A^lGjb ^^A^> A^jS^oA^l^La \ )^OJ fLo 

^3 0 ^" cSiy I j AJj^iyj ^31 j ooJ^^jy>ljL^ JiisyJL* 

^^laj 1 

^*a3\j ^olS 'j* j-^v-O OjL*Jw . aIAa-o OAl^jUio I ^J\y y y ^ 

J A> A ?Laa A>-j)^j AJ£a$A C aM . fc \^.i^A»>- A^aa»j«jb OjJ> aJu»13 

^ojIaS ^Cfy J^j.^TjJA> 0^°-^L^ : ?' 

. ajajl.aa ^3b <4 ^t SJ c-^ijb.1^5^4. a*..* 
Ajl—> jzjlaj CfiyJ c^ aL^ 13 I^>-. cS'bf ' 0 aJ jj* Aj3I^ ^ 41 

£~»\^L*yA L I ‘ iSJJ y J>3 OJLA L^Sa5”.^L 


\-Roemer 



(WW-WFf) Alaus Roemer y>j u»jlH 

J—V I j jt Jufjoi ^yTjUi |j |»oc^ £i| 

(*> J> L ^ ^"Us-L^ j| ^-*£*" JI jI tS-u* 

• 0^* £TA^llj | U C--* | I J L*-(jJ J ^ J> I *AU l-« 

jl J 1$!.^ ->> ^{£ 1 iS Ia J^rf>J <L~<_JJ ^ J 

^ Atl/t 4 4$*p+j\»X~** Cj_y ^'I .*AA|^ae^w^J ^5-^> J 

• ^-1 J^.- x *^*->y sr" *S\j\ 0^*3 {_y*y* r*j+> jlJ^J 






i2i> jlaU viij 

djjlj oj|-Al| <*-V»" cS^-* 4*1** ^o-ijj j> m y** ^yljo -.^T.jSCi 

^.i | j U<iL»- ^rAa— j)-LL4|j,5 l* <d***j-a 4*7 ^aCtLjJL- ^ o la A» |jj_ji o^ial.,4 

<£KLi |j IJ J'j> <;U..u<»jjj E.E. Barnard 31J**) J >"' *- l i J 

( «J>*J \ \ . \{ | £ . *-)^C-lr <1 —-y 



ja9JI Hja j Lrjibjl 

V-Usl-Jj Jaii ^jSj. ^.IJJ Js t^bb iSy\JJ\ ~ iY J 5 ^ 

• i ''" l B Ol-U I ^ *J*y J 0>*** J* • 5"*ty* * Ju . 

if*. u'jJ.Ijj.I til* r > -^tf’ fl*^ ./* 

«jU-i-.JJJ *S~ I Ji ) O-l 0^;' ^»il;L»_^»j| ^:,J «j|xlj Joii f|uT j* 






(SAYY-NANN) *Ij 

Urbain Jean Joseph Leverrier 

St, L-0 J J *!? 4—t I j 3 of 9 ?-* Cf- J* 9 ^ J** -^1 (-5^- — £A 

£ jl tSl*>Ur *i.jjj) ■ ■^—*1 <o Ji ' ( jl* |j liLilr j »aa oJ^j 

j o_X is~ J ->'- u'j'IjjI olT,j»i,;lj c l»-*-«j Argo 
o'> ; UjI cX j>- 1 _ 5 Ji ^ ^.1 y> *yri ^ 

«-L_* Ij ^ _y^ 1 ^ | J A J l*-* oil >Ai^J^--^ Gaile 4 o^ . a^.u 

\ A o i JI—jj • Xj <5*" U* 

o^kjl fjjjl* c$l^J ^ Ott“ i»ri^k ^ Oj^X* ^ 

. «AO ^5**JI-La-ii-l <i | ^>Lij\j 



Pluto yjb 

J O'*" y ■>->-' o|J o'-— ( (*f— ) til _y '; <Wi — i\ JC- 

Flugstaff ->•> Lowell ol>U..j' r - oiy->JJ 

•->'■— oil <^Ij Ija, Percival Lowell • *=—l Arizona 

Oii" <L-j< o y* JUi* 1 o'--1 jj oy-i 31 -t— 

——• l>-'A—»J Ji *S~^sic- jl ) . -J-i y J-L ^. lai » <*.:; 

■ ( *J— 4^5 Q j- L j 





U*J 

> A 1 JL- Ji Ail^ j-i «i*i iSIjIj j*« Cr?j - 1 —-L. oy~} - o ■ 

o>- : {/•*> o'-' • - Li <-*2f Lassell J—N cSj^?* 

I^La*!) 0—1 u yj • J> ol-^l* Liji'j Jia» • • lSUIj Ail; ^ 

(«Ai Cj J> t _ ) S J i <;U-A^,_)JJ > \ l\ • jijl-'jj *S" 1 _ } —Ccjl 




U J jl j\ J£> 'jj Um I j£C« 

■LiL^y* 'i vr y* \ \AA 0 *L,Co <JL- *il,_j| _ 0 y j£i 

Oj JJ 4xli JJ •■A*—>L J aA«i J ^ A» ^iAdi 1 »* ly 

Zytt'jA *A»J JIJ ^5** O^lj V—j y» AS"* ^’UaO . 0^1 »“A> | XOj J IJ £ 
JaiLyUw | j| <Ty* | oy aT- ciT^ .)>** yi*. . -c-li ^ y ol->lj> 0J>; 
oyx. JIj^T y.>U. ^Jt j iSy*r\* O'” oTojj ••Li 

oj|j»- cJ* <>y>i oy yl c~—j • F- R- Moulton • J ^*»<; • o~I 

A, |j tiJU- J O—•40^5* y-A*T jlf" Aj o-A— jjy ,j~** *$" (^-Aj-O 

jCi J 0_j* * jPtiuA <1 jJLf*Al* l> (j | 

^ | . w » ; » | la* ^ I<* 

j I iS-f ^ Wt* ^ * " ••■ **I I ^ 

(_$|<Jli«3| Ji ^ ^4 Jac»- <* J-0£l—*| v_5 3 j*-* Ij«» W* 

NWA ^->3 ^T;l^-! l yJ-> Ol>* 

L ^^3i ur s^ t >tl National Oeographic Magazine ****** 

( C—*| *«*-* •C-ljy* 


L ^ ^ ^-x^L c-lbfjV y <jy* 

jn£3 C~J I Jy j+* ^Jl^IIjuj^ ^Ul OUj JI j\ . 

. wXj «)b ^S^j^Lw b lu*»ftSw< mJi^j 

(Jjj~ *-** L* jmoC’JS u ^ w*1 4-o\j JJ> ^jS <j& U« a «^ 4^**J f ' -- ''*~*^'J M * 

^Lljlix®^ OiAJ^l^y® 1^5*01^ 0»9<-Xj !<A^aA .Ow-Joi-X^ (^^/^O.jluXj I 

. ^*5"ly I jl ^l^]^ ob^U?l J JJ J Ml .* 







A^bIjI ^_5 j\pj] I J Jj > Cj J> 

<S'}[$£'£• J3 OjL-faW j)(-\ju 

J&Li ( i o j+* ^jb fb J^j 

4,0^1^** ojb**» '^j> j>- I L'.jlijj J) 

JJOi-X. JXjj.>-Jll 4$C>jljL^j 4 SC>j.>- 3^aj 

AsdlJ JjlJu p—>-lj iS'jSJy <S JJii I Jiiy 

^lXi J A) PAj Aj t_J^.^wvwij 

jS^Ij <■ c^>l^jL^.>-jj jL—j iXjl^ o j^J,>j . ©a^aj^-L* ^5" o 

4j>j. c*J o^JaibOy* ly I fb ^b obo-ojl b Oj yU ^5T 

.Ajb*^l»-P ba> J-3 ^y^" 0 4^1l**J 1 ^bAj pjL-mj ^J<a^>cJi*& 

Jb> (^^^1 «Aj I l> uXJo4jii>- I yi>* jIiA^I aiJI 

^^>-idi>*^5" jjtoJJD \&m* y y I jy 4ia£j JJ) \ 1, \ ♦ Jl—j aAJIS" . iX^ 41>-b \Ado 

C)\ 0^331 <yb ^ciJ>-j A^Jb a^>- .^©ao <>-3 

uXJ t_X,p I-mJ J Aj AjAAPAO^Jb^JLi A.db-A.iAaol^j 

jl Ajb £ *i.*J ,w>-|vXll O^* 5 ^ ^ftloA^bj^l 

, (©a«*L b (JlAlp) oj)j5^ 
j ©y^S^bji-jj l£a~^ • b»**l y b** ^ f 1^1 b-*/’^i3 b^’-' 4 ls***! oiXJ *j 



r 

, C—I ol ^ C-K»0 0«j Ij*" 

ju j i_^ j <£22j l»l , aju» I sy>x ^Ia^oUSC ±Jjb till- c-o^’ j\ 01 ^*1>- *£ 

4jJa> 4*is9 2 K:J>L^ A^JuiSOl jJo O-C J*+* 0 ^ I X^ 

, t-xO lX^I^- 

j** ^^ *■ ^ ^-X-Ij xS**" ^j** 

OJjLo O^U? I (Jpljk ©u\jj>J ,}\.>J ^I ’ ^J* ^ 

3 L-i***' J& J^ji^b IjJ^I I . '■X'***^—- 1 -® jl^jd 

(_£J^-5 jl^3 l^I^ 0 ^$ J^b iilO» LXjb^Cj cJ^i© X:>,ob 

j oj^x^ L _t cfXi^ ixLu^j j Ij j Ij , i_x.-Sww-ci ^,<^>- 

. 05 j iAa! ^>- ^j j3 osL^o.j j dtX-ij (_ )Li 

- 1 ' • V 


-X 


I fl j>\ (^jU^i :>la*;'jl Jj>j jjo xii> x5bo fj.oua ©jj^ol 

bX*J Lm^L© jLs+j JJO jl x5oJ ifX“>-e ^JuXflJ I J ^Ij J j!ju>- I ^IlXju . XXdL 

©l_l^S^Xj ^.£j>Aj joIj ^)lj^l?lj>- ^ I , o.**>! x^L t^\t 4jd^»- xS*" 

jIxS"ixo ^ L 1>*L> Oj^^J ^** 0 ^ 2 * Ij tx*-^wjlj5 ^*iS" 

^ij^j JlXa» I J^J*fcL© ^SC.**Aj XjLOjIl© . ©l\aa> ©jljO (_£jl.*0*j J IlXaj 

^ I xS” ^jIlX^© j ^^jXj IjJ-^j xK Tjlz © (*Ij^”I x5^tXii«*-j 

. jjjb 

xj j^^J jl jjO^ ^Ojbj I Uj^ t*JI^©lSvJub ^ c -‘-° (n) J/. t5l . £ 
ci"J— A^-liAjil^- ^J)^^ Jo J oJjaI Jj»j 4jds>- Jj>b 
£~‘C’j*m Ij 2 Oo\JbV*.A J? O^-oi Ajli^- 2‘ ^ ^ ^ 

(^JlXjuLb fl^>-Ijl J.>-j 4jil>- d5"j.^ f Jjw JJ 2 f c jLomj 

. ijjL».; fljj ^l4jd>- ^* 1 ^- 2jj jil jl^J. J^l . jojJ>-j jjjl. >j^ 

4j'il>- 0^^' Ojj*I J** J> I jJ 0**OJ JJJo f l^>-l £jJ 1 J*A* Of^ji ^j) I 


\ -J • F . Keeler 



c-ojj ls&j J)>3 *y~j\ £>b <ai£1 * y^J J>3 

du ^) lIIj^-j ia^.la>- ^*Ui> J^J ^jjluXL-® ^iaj jL_4^ jt L+ »* i lj ^SC.L^ ' .j I viU**l 

AtJ ^lAj’jl jl I IJ ojl>- (J^Uolj . tAj JJ)L^ 0 l ^***aj^® l^fl^^l 

J$ j*~~ a 3xAc jJL*+ah I JJ) .3^5* KX‘~*\.y> luX.-u \j 

jlaSj^uaJ y ! y °\ ^Jju j *-&N N • • ♦ • a5” \L^m\ J y ojLj* 

l y^yy iSi_£ J.Jbl^>- |^)1*5 "l\jV . w>*l i^y 0 -)j>\j>_ tX«alAfr ^1 ^>e>- 

jl ^jl*) (Ja^J 0^-? -? iSlj\>- Ji . C--"l jjljJ Y» ♦ yj ■—'f**** 

. OLA-iJ^iZj» ^ oln jl ,_}j>-J A$lljl O——j 0^°^ 0 /A: 

, I f 33^>“ J2 ^fTo**! J<-^j I £) I [ j&ytA&zA OJJ 

<J->0 I . C--^l jj(3t^^ ^ jl ji Ja-ic- <iJ£» 0-?^ 

LuJa . ^a!$^I ^Jl-X^- ^So^aJ ^Ia* I £)L*J I Ji ^l(Al>- 
. ^ «laC yL^lilo^ p-..fcljs>6j A^^maJj) t-XJJ Lo / 

. 0^0 c5^ J^J c5^<wl ^ l^l^SClwftjl dLiJCA^ 

lA^LoUtjL® {J?j^-i *5 j jlS\l) I jl ^o-j lX>Uxj 0-^1 ctL-^ jLaa*> ^£lo^>-jU 

XjL? J3 Jmj^SXT 0 ^ t 0^1 ^-31 jl j5 4j ;>l^“ o^B (^1 jlj) ^jm"oUp cAju 

^la*A»iX> <-X!X Oj 0 1 ^^jluX O^-^l ^1 ^ Lij . ^-^1 

• j 3 . (j^j* i ij^y^ 

\\Jz £-+.o iXioL® 



j>Aj 

V “ 


^®ii«. + 7 : 



IjiAjjJL*-oj otXO ^^$C^.L 0 -?aO_^>o . a;.^ 

. (Aj »5^j diX£J> 

. ai; j 

t&iOjfi>J J ( j~»JJ jl A»<iO^>- 

l5^.i-BAli Ls^ij J . A! JJj jl~UJ Aij^^OJj 

^jAIa®_^;0.1 aS"^ jJalcO I J^-jj 

<_j I ^) ^c*>^ l^j'l . AolAj 

. a; j^jsj (_j I jl ^-jL>-jjj jT-LiAt ^jAjs iS-^*A ^jiux j c«»-l 

(_£ J±£*» A*»L»£)jLo J I JjlAj Ajb I ol jL.^4.^1) (J I JJ 

. Aj ^ji L£^*^^***0^ * *** J ^ ^ 

j.j..,i..oi I JJ 4^"^I(^L^4 jVjI CU*wl OjL^ p.l.->^> b^b|Lb iS" ij>u I 
£ jf* J I oLnfc*0*5 t£J3^ ol*j . Aj !o^ < Lb (J^l£>7T.Ll^ Aj 

Ijjl . AlS*Ja*lt(_^LfcIjj J jIlJJ I^LwooJXi^ajJi^B 
JJAi l^j I jIa« AsbuIjJJ ,0«ljjJJJ iA»ijj.>-jl ^j|^ ^*iL)j^.JJ> jjl^ 

jL^jJU-N Y ♦ oaajjiL)_j-“0 JL-A♦ oabjj . o<i*“l fJ j jL»»w a^j^^- 

^;l^*J C—Lo jiai JJ I jl iX^Jji- ^j'tsL-^a ^J.->-JJ . Ai 5 J>Lsj> A^J^>- JJAj 

Ijj L_j jj.j (jjhxZo & C—I C)L> (j I ol*JI(3pjl^p- j o^l 





C«-*l J>\ji \o ♦ ♦ j-?J JjJ . 

I JlXj t j l*fci^ .^J^J^I j+*£m+) ^* * * J* 

1 (\) Juiy (“Lio^ ao a*Jl»I \j, ^>-l ; ^iC&l^Ajfb (j-^ljjl 

L® L5 fbi. I ^b ,oj ^*^jij^S ^ YA^ <Jbo^ ^j^~ ^■“°^ 

. jlil (jUI 45ydL^Ujj 

. ^ji»j ( j1*j ^ju jli** b C-—i I jj^oi a5" Ljj'tx* 

. k\*A>L> L C» ^l<-X->_aJ OV^U (_£ J>JLa J l _jj>-J uXjjLo aS”Jj.1 l£Jy\& t_fj^J 

aS^iX^Aj AJL£.b ^y>J J^U ^^\-j A o aSCIj aS~AjA^ O**^ 1 

• ^ o^ybj\ J>l j»y I 01 Aj hb- oy 

C*&o Ij (*^1*^1) ojL^i ^1 j± l<Xo I ji (^) J 

AiloijO fl<A$0.3 iJu.5^4^*0^ ^ c)*^* aSwjIaII—j» (i A (J^-^ 1 ) 

0_J^" .Cw.ilflAj.lS*’ ^jS^Aji I ^»l>- (_jl jb a 5"Jjl J Jy»-J (_$l ojl— A—j jU la 

; aIAjjj^. 9 ,jbj A A aJlS^^jL^] 1 ^j»c>wO (_£Ib^jO *■—Aj J>\m^‘\ 

^(^■XcTii^ O^OU-^tffTJJ J^Xjj_^- jlj^ijl c^ULi jliAlal A_) b C^JJl* 
^ftlj.i- <_$AjA^- SjU. aLS^I a>-ja liL c»- jj) bly* r'f'l J_ji» 

I AJlT <L*i 3J b* ^ 0 ^ y aS^ ^3 JA9 jl t_^**»j| o^IZwj Aj Aaa^w aS* 

.•Jjjjj clAAA f ^^Ji+t A Uo‘. j| S&-J2j£S- Aj I ^>-_)5 Ab«li^j lj 

ajL- OJ^b U>.*« ^-.J^jl jtr»=^® (o) (j-^b I . (j* . fl$wlto ,jU.AJ2 
ob**A^&® a5” vlU^-bj ^—j JAj I . Aldlj ^ b ^ 

^lT!, ■ k -“® ^6» 0.5TO iSC. W I ^ ^CJ ^ (l) Iia) . Jj5”col; Ij zy>- 

. bjil 2*A 4^0 lo ' J** 6t ^’^ 1 ("J* (3 5 ' 6A -^'^ ^ lm X~ t ^' 

sjLn>j ^.i IcX-o 4._S^ 0^°-^ ^Ia» I « uXjI*j 3)iA—o^wk« 

. iA^» j I ^ 6 ^- a 


\- Sir. William Herschel T— Leveirier r-Galle i-Aquarius 
J . C . Adams 1-Challis 



C«*«l »djti ’QjtjS IJ J j\ jlj \j C)y+*l IaJia 

yiUl^. C*-A ( ^w.<w-A>» ^ial«o IjL^j! y sC oAu A A^CIj I 4XJ Iyj ^j } 

*y jy £(j&Sc** 31 aSoaIa IjjlyJ ^1 *)lf 

AjX^OA a 5*tA^Jjlojb*^ A^yi* J^S^A^uliL® I li lj(JjiA>- ^y>0 C1 »*XIaC*w#A 
otXjbLi JJX>-JA a5CAoIx>j *£ A4la>-}L» ^yXiJgO C-d^-Ju>-jl ,0*A »JuftU 
b ^ ^JLjiAj A.^a*vj Io^L^ I ^ y*Ju 

.o^jI^Ij 1 pLj ^ - ^ .f T ^y ja yj yC** A^t** 45*"i-x-i^luXi aJI^aj j a»^ y aj 

Ajpiy Oy - Xa I t5y La.^y* ojl*.** 

■ ^i* 5 y^ALixTl £9 ^<Xoa ^-Vbj la^y yj 
. aj.* cjuftLj 6iAcli c^pcj ^y bjl 'y^ jy* oy*j ^y*> li-x^ y ^,j ^j&y> 

_I '^f’U ^)yi*j y^^c* a iaA** aS*^^ xiAtisiyxs yL» D -^^ J y hi>y«4 


AnAlS^i_ g .. ^ S"A.v. > 1 iS^y (^) A 3y^ b*' 1 ^ Ab* \o A^iA2>*^A , Ijk ^«Lfti 

^\\\ Ab*OA . v^»ja a!.*A^ (—1.0 uXJti-X-*^ ^Ic\^^j*i_j»i yy 1 J3^ L ~"9*^ ^ 

<y yjial a£LU*3I jV^jCs- j ^ lujol cJUja (\) J^V^jV 

.lA^j bZB^'\+/h ^ I JA yj I olj 

4_^j Ua iX A^j A^^S^v-jiIa^c^o A^w****^^£ JJA aS"A^ cp Oil X<vJ 

dtp’ll ol A (2)t>AajliAiwo.» <• DA* ^ji IjA a5^X>A^^-j» (^|ojlX« JLjaj JX.S" 
l5jj I^oy ^oli^ ^^^♦ (Jiljl ^ fbwl ^y£-+»3 ^ } 

y I y y**3 A^^w~o (2)^^ tA^ 0^^ ^y-> aS^lAX^L 

o^Ll*-u^j 1 b J?,u0 • ‘X^L 6 *A^w ^c_$b 6>V y~)3^ {jf*^ A—S^ A^j (^ I o 

o aX«®13 A^j ^{j,*** kJT^-c A^A^cfl jl ^„)!uX^ 

y i a A^y^,^ o^u^^A-o^j aS" wX^ 


\- Percival Lowell X-Lawrence Lowell 



To * j J ^ kX*^j^3^ 

iAJ I^‘‘ C*C j** ^jt I Ij o jL-4-M ^2^) . iAjI-o-l^j. I J 

£*>J ^ lW I J-3 L )-) 0 L° iSj^P'J^ j*)j* 

' . cJ^\^ ajLua^I j». \j (*^ jyV 


*^‘C*>Jy*&> IjJ I. AJL«J \yZ ^ ,L&jd ^(-Xij I y»yb 


y\} <-Xjl^» . <2 y£~u z olAj 0 J>J dJadj 'CULft ^jJJ3 ^Z>\} 

^ dloL (^Lfc y^ ^uAja^laljt iA>*fc\**<l_» (^1 o^Lk^M lX 1>- ^?l 


.i*l. ,-iV__ I A. il: 




Jlajf" 4*1 4^»>- 

| 2 yr3 0‘A**-' JJ tUi J • ^ ji (_£l><dJ <Ua— I_^j — o \ <3^-^ 

l£lOJ ^ j pL*-| *y^**-« t oii jjA^se-ir Jl3_^ lj yj ^•*“*' t 

jl . wi— 1 i>*T W 3 ^ *-—* ^*■?*{£* »— {>*y* 

J 15 <L J (iU>- »—J | — jj l+I> - L-> J J <T* j « al p<l j O - --; t Oj J' * ** 

L-1 c*Ai«* JJ 1*^®* • *^‘**'1 •■^ , s2-il> ^ 1—* I (_£l> j j j~* 

*lJ -J J*—i — — <J^-^ A i — cT^ ^ # * A *"' I "4* 

. w-1 o x -4*^ ^ £ £ 




ojl 

(ji j£ j j\ 1 ^ U-* I JI■'J (Sjj^- I jj — o r JCA 

■ J4-uiS^^ j| 







Ujjljl uilt* | v*J; w J| 4ab§^> 

j ) cUi>-<r J — o £ <J£-- 

lT^ cri I ■ ‘•^l *—I JlijfO *o..i 

■ • J—r IIj j>_ <J o—j J^j c>UJai 3| 






I 4ala9 

OjJ rJ'j 1 / I \r juIj *, : >• o>*^ o L} ; '~~T ^ji <£- .y.l- do^JC- 








<jt& jJ j ft t 

c£bj-jjl Ob.—I ^ ATT Jb ^-—j 

(A^ l-l^O SjiOiXv*jj <_jL^A 

1 J Ob— ^ 3 CO J) ^ 5^-0 ^is»C /0 jl 

, Aj J jl^ 3 0>Aj <_J‘^ T,A 
(_,>b.£o!A*j a 5 ""aJ ,3 jS'i—*-e bo! lib ^*a*J 
c^bfe Aj b L Aj I oAO a 5 ^\j 
^Ji> I ^^<T L^b A9^>»A«jb l^j l^— . 0—1 o$y 
I. AjA.O.o oAlS^I j> u_?l iSj^ j-°jl <S~h 

. :>jb (_sU- 01 j:> (\) (< oJ c>jy* aSoJ csIaLS jS"y> 
a5TlX*^lS"j^I^pbj iSj*^ 3 oa^—L lj 3 ajI— 

l>.*j ba.3j>y o—l (^o—L 45C-jL>.— I j\ aS^< j^o I (_^l/b AJ^iSba.—y j 

A^A.— j\aJ^j .• O —b A^&b) fbj yij I ^ji I . A— A^l^>* ^^jlj 
js Ij olfjlo ^A— J Ai yO o oAlS^I^31 oA^^>- Ob— I JJ) ^>*1Jj-*ol 

J)^jAj*3l J AJbl— y*"** (J?b^ 3jfa'J2 y>- a5*^£*si s*c— .AlA.^—uo ol ^jA*I>V ^yl 

0.w>-J jUj3 . 3 ^5"j)a-j I j* l^yeb jL y (_^Ia«? . A^-j^j 

A*aIA..ftAjQbol A*j J I J3 ly—^jol*— A^lxjl^ojl f l>-y*A (^b aJI^ 

aS^ f A^*—JjQ.uJ j! A^gf J^jOIc uI .s mS ^JA^^JS ^l^llfcj)^.) AlL l A-*— JrW>^Aj 

a£L?Ia^ aJ^^bJ^j IA—AI5^5^0—^ ^1—,Ai j* 



\ — Leo the Lion 



^ ) b 33 4X5 ^3 I do Aj 4^ Ad Alb ^l>-^X*«b ojb $3 A-jilj y* I y 

4jlil^!j 4.)b (^liX-5>l i 2>y>j> dlVlXJXs^J fAO *£<s\ °j^*-A ^3 £"^d *jl^***I b y3 I 

JUa^STo ^ACJ JU^ (^loAP od$l Jy>j (SJJ c jl Jsj£j\yu A^aSCjl . (O_y» 

oLSI j .ajooUw b Obo*b Lo 45^AJd? ( y»Aj^loi-jljb 

Ajjb 0^*3? Ob.** ^ jl ^ w^d Obb 0 ^ oaAj ^-jljLi jiT 3 

® {Oy oA> Aj 

u?* y *+» f'-rHj^l - oJ ob£j p*jb4*Sb j*) ^bi* 

. ^*d-«& Cjb^A* Aj^*»> ©Aj 3 ^Lo-a" I ^ ^ 4^o d>" ^ y b©**« I L_5C_^v AJLlS*" 

^da^jI^ 4^dAI :>_^_^ ^jujja <j3£3x b^jol cJUjj ^Sb cA* 0^33 

4/j CjJ ys .j oA^j .5 * y> y I jllS^dll- ( e\ JSA ) jjb ^ 4C^t<0 C-a — *33 3 
(^bL'jbj) d)dd5 ^ 43 Im l J bb^fT^yl . s^^uul ©A>q I o ♦ ^Lj _)b ^Aib 
^yd^ I dL* A^> L j db d)A© I jj yS^JIj3 4$lL c—d c^loAd dlij> 4>-bj.5 
^ib«5 j+» b^b^ Jajz3 y I 33 .OJ ©A>© 1 yL.o uA** yAjj>- 

C_Xa-^ yj I ijA^ I 33 v— <■»*»■. J ^yL** b y 33y\ y ly bj A>A.*>.*^ s^-sb ^>-ly 

. C*+»\ o^b 4>- 

b**° j| (f bt^j Uj^y I y> jZ 1 6^ J j J yLyUI 

(^1 4J^J^ iAj I oJ^b dfy^+++i ^V^wJjb Aj ^^S3^-o ^S^Aj J 

0^l41i^b >-ji di^X^j J_J (^loAJLLS^JjS^^LAd /^awo J ^Oj^> 0 b-o ol^^J*».C—^lo^b^^j 
0-^1 6 AOobd"4j >-yb ^slb* A^oJjj JAi I oAOa^J y CJ^y" 3 
.oAb^sb oaO 3 y** 33 y»b bo y^ <^ 3 1 (j?b ^--*- j -* 1 ^ (or^oX J^d) 

I I a! C^l ©AC 33 y>“j\ 4JL?c^ {£jyu* Jb-^ ^^A>* 

4 ^yl bbdljl ^S**Aj^J^^ jy^J? ^ 4jll©»eAd^>- . Ad JjJ 

0 ^^© dlj .A^ij ObfcLS"JaS ^b^ jb^^lUlU *£j\a* I b'j j 

^^Ihbfi/© vbl^—bl A-Jjd-o Jjlzui] 3y <415J 4*51^5 b 5 ^^ obiy©«ci ^ t r OJ 



Aj ^jbai'^S^^a jl ^.As- 0 ^>«j Aji-Lij o**^ 0-)^> Ob»"JJ A*J& 0>^"l* 

^tyim I^ajLu^iI iAJ^-»fc iJ^sa jjJ 1 jL ..< AS^»_il^l»l oblijbl .lAjloj^i! 

. *IJ *—B OJui 

aS* ll>-JJ AJaai JJJ lAjIaiAiLo (_fb-L^I>-JOj! ^yaju 3 JJ 

.vIU*uUiAiLoj (_$l>-,J^Cl>- i^) I jl lol lAjJ-uw J^JJb JuleJ^j ®Lj JJ 

j&r ( £jy+» ^ji> 14j *5^ I yj* Cwo^lc O^jLj f Ioj J*3 * 

jcjU fJUU- jjl^>j jj_l eao t jjIjj 

®Jjb jliAIa) \ A Ij 

(nX-s^^*- <_). jjr - .lVj jlj^ia3jl^0 ♦IT ©u\-£oI>ejI 

I tLwj ^j 4 jiS I J e\JbL^ lXm?j I 3y^ 

^l^5f\> & C*^J J ^‘■**>,i iJLo-i.> 33 ^I^Vs*- y> 1^*5 Of-L^w 333oJ3^ 

It <_jlj pUjI4.5^.5^S*3 L>cjI jl J <A^X ^ItXiuV^ (_£14 Aa£> <yj+t* (JL^ %S 

I 3 ^-*J 3 3^"^ *b Ij" t^***-^»° S3y*^ > ^ .,. 

J3 • ^yi 0U ^ J (J*'^'®^’ J*** «.**«& J) JJjU I ^J 3 

(^lAs'cj jlj»c£j I I {C,\\X*z> , J / u.;li j> J*J*3$ O^l-a—oi 1^* aS" j! J (S3-) ^0 ^ 

^>* S . iXj^ uX^lj.>- (^U>-^l !^)Ia 4jli> 

«. jUjIjj _> I Oj.K'. j^oJl^L>-3I aSCt 

.^^1 JuXJ loiA^ I ^5»-(^1 JjLojI A,S"^*-4^) ^jlj 01 ^L^baj Lo^X) d^J^ol 

Oi^ J*Jt > ^bS^uAl^- ^waju v_I a^l>- \j J I ^ji! aK^L-b 

(^l^^i^UiLi*- LbI o—I^^jj (jjiob|yUa>l (o''.joojei JS^-) .^jb i)J3{j> 

? JlJ IoJub I bsS^jlJ ‘Al ~■“•*■>■ ^J\a+» I 

JJJu A5*Jjb J y=-J (_)^ 0[ajIjAJ l f i jJ>0 (>ajj LUi.J_p- ,J| Jb \JJ 


\-S B- S eroinov 



AO.. s j,>- —j J3 Inks A- JOJ b A^^cla 3 A y+> C) 3 Aj AJjLa iX^Jy>- 

LjJ I la 4^0.~wU ^ A O^ Jb ^J J A-lA>-3 A*. A 

Jy ^Lkaj I JA ]ai3 ^* I 4j> \y — ^*“*1 ^Jy y>- ^A*— 0 I J ala [a . ^Ao <Aj \j 

sA A lay^..oj I 4j $333 j\ l3^ ^ \y L*j A.i^-jA.-wa aAo^s*’ 

. A $Js-+a la^y- $3^3 ^)j.J«o 3)j-*^-° JJJ—A^A»^«©j 
^__ <*—■ 

cS^jjJ JJ C-; £i Oy 4 j A*J l—a j$ y**y Aj^ila^ ^jla. I ^ly>l 3jiJ 

^•y** j> flSC*.fc La (Jw^a^j’l (S3y ^jlij-Uj ^ j~* 

J'S.Sb I loA *a^i I I 4.5"*pA^^a \jf*Jp ' **-^b byJUu fl.M*>*l y>\ j) (_£ y~*-*> 
31 J AlS^'A^- 0.1 ^pJblj ^ y* I Oy> J 4>- J a X^Ajb ^--JAlia 0 *m*1 :>- 

3aj ^y> IjA y> I j ~-illj AjLj 3 )Lo-. I J^I y& ^ ±3y b l^I^d aS '^ „$C^a ^y>J& 

. ^3 y ^jIaIj" A^Ca ^A^- 3)“^ y> A^Aia l.©0 (J^^Ay 1 

4.5^ I 31 lyyl* 333 j* $3^$ ^^Ix/aU*- ©y ol* ^3 

A^.3>cj aA-A^y^L^A ^ ^j A Al^--a t _jiA> A A^^-^a A-O^^^ 33A 

yA jJwaS^V ♦ L> aIj J (_$JiAij \^.SC-w# ^yi I C^S>jj^. Aj3C^/a ^Jo 

. Aj yt^A^XjJl^ 0^1 4^Ti^ ^b L^j <\j l^./b3 Jjy>-yjl^j-i Otoiji) JO^J 

. I 4 JJ.1S" !j l^.j I U> a5"o^I 3 ^^ 

tAJw.5^ y>-j)5 ^S^uxjl^ca^lxja-«-j lyL^j xikwIj)^ L>- \.^s*.++»^y 1 ^5^I 
3 AJj-i^a a^^-5^AJ_p- ^ (^JJ I aI) l> ^A-iA^C^a ^>. aSCL 

o-j^ Vj«oJi>a ^fcLa. AjjbiAj-a aL vA-^lAj Ij Ay> y£j>-3 y* y ^y* 

a^=> iA«pL j ^LLa . a 3y>" y L ^*-^> 1 L j^" ^ l£*^3 ^ ^v* ^ 

. 0.1 jTi . Ay>* (^L>^3>.S^b3 v— a . i.w 1 y ^~JA 

ala . AJy^* Of-tL®3)y>l-0> L«ad3A A^3>- sluS^JA (^U 

jj^Co fi ^>-1 ^au*.^ l$u ^j- <ss^3 jjU=ci 

lxuuljI jjLcj5" ja iS' yis juUj o.;:5" j>js <^>y $ ^ ^ujio^ 




cJZj>- fl£Lfc j* .a;Ua-^ ja J'fjfj* <s\j Ol 

fIjj Alj.>*.«,» AjOJ ^AjAj*' o^lAI 

^SCl*l Jaa_> a aaaC** oc^ L J^a> 

Aj !^>^w ^bw I *ffA *j L»^>a A*^ AAS^0*50 I Aj I oiA^ A j \A ■) ^ A*J IAj 

♦ iAl.fcfc.jlj (^l^AA A Ajb k^cL^J.) ^X/O^-LkS^A^ aS”* j^JjbjaA*^ <3*^ 

OAl^> jl «A^» ^b Jjl jb J> j*m j *> I C**m J c£b- I^A*j 

. 5y*-» ^AaI Aju 3 oAO^jfTiA*4**> 

AA^>"A^(,J^ Aj j 3 !'!^ - / w b C^ba5j.i ^(_$ 14^jli Alc> OA-®A^ t-Ajf**' (^Jb^j 

(^)A*^j jj\ (_£b j+> wAcJ 4J Ai A b ^JL*3 ^S"a \ J ^j+aJ)\j 

AjJ>- ^>Lo»*« I (jk^*-*** 0 ^ A^ ^SvL _. Aj Alj>A 

AAA o^ju AAjb JaC (_^1 a^5> 4^>cAo AA lA)j^£»*a jS>tJUa A °Aj ‘■w 0 



1 (jls <£>jt" 

j~> £. * •*»& j|j4_ll»;.i (_$ljb ojli 

lAljLo _J . y* I j) J^j\ } ,Jj^s>ca 

uxJj £-|JjL oJJL'>v_i.i5” ( jA£>jl (£J)\.*~.> 

wXj . lX)i-^ *■ ..ao^l 

&*-!■>■ 5 O (^l»ojb-. iS 
jl-cJIA^A. jjjj/l* j_p. L dif jj>3 
°jL J.3 Lai j) L^j 1 

^jil^Aj j <Ajjy ^S^jIjaJLjj (jS ^Ael. (oYj^d-) o~~J j$ Ujj l^j I 
*JjO 0L^->OJ c5^—• I 4_$Cj iAIjLb L^j I j\ ^Ja*j . o Jj ^ Jj 

. Jj jlj b* J ^JLnO.^ 1-X. l -iS.fcfc.Ja^J L» JjLi.**. J ^L**a ^ 1 J ^ *~^ J 

. jj ju£ j>^j> jjju w* fb^_i *>■ j dU-^4^- jb^JL: j Ol5"jli^ 

JL, l^i I jl ojL 4 ^Tj<a^w OL^jIj-® 

olX^ I J ^ JjJj ^ \ \ <l t_)L«w 6 ^ ( j £ jIjjaJLj j o jLm-u.uXJ j jjlAoL-^j L 

^.jl , Jj Lo^ 4—j cAJJJ j )j 3 jIuLa 45 TiA.».£*^—« <J^ls? JL*^ ^ 

-^Jjl in A ^ (') ObVj b ot- 

^bo LoIj^-I 4^«*ol5Cii& (t) t 

L-j ^j* j j jj jIjaJIj j © > I 4^wjL *>j . jJxJ-b o 1 4** 



\— Delavan T- Oligocene 



. 3^y 3 I ^Ss *.t #1 J A+^j At j) 3^3»+a £Ol>* A*j1a*A j\ Ju« 

j* I .> t±£j-* jo o^JaijljbAJl .;j ijb- 5c—* *5^o-l c~ojj jji'OiV.s 

J_p- JJ jlS"c?j|juw ^ I ClUail ^_l IyblU . (oAjC^) . C-Jol jjCiJ' 

Juj^LvB dlojj /jA I _? d^L^j 4*laS l^j^Lo I A^LjiijA . cXj I 

/•— /■— 

^ Aj ^y^33 iX+£*Jy^>- Jy —) I l^.J I jl5 3.*3»Jy>- Jy y I J3 

. AO^J^ ^> CK+.Z.O’ J 3 3y>~j\ yb*A li wl*j Aj>- /a ;.£.:>-jju* 

^ »-aa«) ^Ij^JIaj^ ^iS"* y 

. 333 Lj& jlali J*. 1 

A*i 3 AlSd^ja I ^JjAj 0 {j? (J?^«oj 1^1 c^J^w) A***J^5>- 

(_$ljb <S3y j ■* • (_/ ^ (_^Lka> )j l^j I a^L ^*s>Ij Jj.>*jl5"jl a^IjI 

(_£jA_i©^9 c/^c5^ 0 JO oU*^ ^5^ *Z***\^y<s\>- 4*9 b *j5 

I A^*j& — *5J 3 yJ>- IT C?^y AJj I ^A»>e> 1 ^ 1^~® lafl9 A?3 0^1 J-J>Ij 

—(yy& oj9 A^jll) i X^Jy** (Jy>" ^gA*l^.C ^Jjb cfi» jl Jy Ai^li d\>-^ Cj^33 aS^ 1+*3yA 

S AJjpCQ AOb.»w/jj) 

lXjLo J> AjAO^S^I Am*^Oj^* - ia ^jj 45** oAj^i^JJ 

U> ** U (o\J^^) . A>A^o Ij jb^JLo ojlA* (^Lj fj> JSIaS JGJuX^^ 6 La5JJ 
^ jp CUf&ol I Ojj ^Jl-Jji 2>3^bl .*-» ^1J 4 JL 0 J) U>^ 

. ocXj b a * la P ^^>^33 L Z**A y*»3j^j&3^33~* i 

^Li«wji-X>L iA1^iAaJ> \joJ^C^*3^ 

JcJX 3^^ diojJ laii5cXJjL<)JL«-o \lJ3 {£3y3j AZ*+>2 tXJjLoL«aO,5 

. kXj yt.nA ouXj \j (33jy^ 3 oj? y^3^ 3 °3^U» J)b ^ <J?3 ^ 6 ® 

j^Jlsut (£3j3j}c$ uXlbwj-wo tilojj oA^J 

3y->- jIlX^o JA 6iA^* ^r3^>‘ 3y I oJl^^l ^sJj JA . iAj^JL— o f]jj> o^(j I ^ol>* 
iAj 3J£-+ao3^\j»* i$ji3.fit jj>l (33j$ • 3^3oj3^ l^i 



Aj&l J)l (*1~.>-I I # %**•*+* IOlX^uXjlXjIj lXa d*Va ^i_X>lXi ^L*S^j (Jlr^ u^.O’^jIb 

_ jJ J> jL*j^ J>^>-Ju.1 jIuU Jl OtXa I JJ J^Cd dL 0 I I J> <iVd* olji Jul 

i \.^■) y~ -J _’ l)^-*- 0 V^j^- vLo tX_jld uXa^^j i,_ >iaj>- 1^—j 1 aj>uVi^ 

. uXdS 

C,*J L-^o oiAa*^Ii jl I oO^ y* 

^v^d dl^Vi ^^jiyr^ • y~y y* 

N ATT" JL* yy^ y Nr ^dj^ L V^Vds I Ji> .0^1 

^!ux*;‘ jjJii I aS'jj^SC^ 4*51^ jloijj^U- . ^ota M J*a9 ^ 45 "j>L$I ^U’l 

(jb jd ^ lAjld . Jl:>^J5 0^"jVd uXa-*^^ajo jia-j aS'cO^oVi J {£ J)b 4* f'^H 

. OaJ flc^d-wS (_,;lj j>^ (J^“°-^ c^V^d^J* jl^Jb«A*s» 

dS^j^a ojL>jo 4d>jL>.£ dl^SCi dL a.5^«a— y>y 

OVd>-L* I j! aS^^^IszJ G- y?y> 4 (^oVa£ <-^j 3 ^ 

(£3J y jb&l) j\ dS^^5^>(_£l*feAJ IJ d5" ^SCj^I^L i_Xj ^ j*^iS ^STji-Xj 

Lj C-pL_j \ A.YY JL- J3 c>\j &j& jl ^1 a> <* bd 

d5" ^$d* Aj|j5 j\ ljd> I ^si^j^j] J> bL AwjljJJ yk^ jy* 5 

^ d-AW I dduW^I^«._Jfc 

j? Ad>- C-«1 *j L^5Ci*« ^ I ^-? uXjuXd JJ ]y& Vi ylj^ aS^ tAd 3 j*yj 

♦ iAjuXOJ jlS^Aj &Z^>-y+* IjJb t» 2Jy>-jy 

^^l^a<o UbjLS^J^J 1 L) jViLXwailj i-\.*-iXi Jy^~ J3^ ^y~ (3^ ( — J '^ 0 ^ O --0 '^ 

A_5^^Jt^)^uX/2> I ^LfcW^l^lS ^ *-Xj y J JCkib I ^gfl d l** 1 ! 5j\yAj2j9z> 

jJ&Ui I jl (_$J^>-I J <*iaA) JJ Lk^j t (_$l^J I j\j Ji 

, l\3^)^>^ i^) _?j*> ^>1 A$CjjI (J*® tX"' 








64^1^91 Iam | ^*w yX* J j\ 

Ji ic.^.| ,^J» ju jlr .j^.jj JJ|J o3j (.-J J o'T’1 “^Jj* ai' - 
JL- 0^ jl o"t ‘ '-"'I ; 0 I Jl _r» J -r 1 l J Jj-—-* 

j I I J o*-| o&l -* ‘ -l ‘‘i jf I j 

■ u, * 4 s* li Ahnighito ..’ 









©ojo j \\ 

&~£*) ^ \ • yj- 5 ^ Daniel J?!■> ^ fj^j* -ov J^- 2, 

^ «-Li <ii | "\ jXUjL ^ ^ • y ^ a \ z ^ ^ ^ti ^ 















jjjjjl *S' i Jj 

Oft. j »j-i \ \ \ \ JUoj W. R Brooks crJ - o a J*- 1 

j y* 2jb— ai^-a ^iCJ! j jvl IajjLL* •* A ^^ jv-1 

. x£ o jj U<a» jj I jl^j I jjj £j)_ | 4 ^. «aj j | jj jjj <j U; <T o**1 

! 1 >.* 4» ■»*^Jj l> Ij | >x^iS~ ^a _J \j 

s \> \^h \ ^ v-> \n n j \* c * oi=~ u- Cc, 3i cr^i ) 

^ •-*«£* <j L»>J_t#j c l. «»^i 







VWv'- l-*- 



^UmI sill 

JJJ |j J^i- j|X* 1 Jyi j -*OL» jil»^l (^ Lf- C l — l_* JjU_J . JS—- 

^ |j iji. «UU j|x. <fJUjj ^ J* J^jy- 

(y.bj — Jjy-^ ly^T oly*»* ^.Ijl ol»j| 

Oj?J ■*—i$lt“»-»jl J*y *I iy-Jl-*^3| ,y*—i*JJ ^**I i£V^*** 

1 *^ c^-*l I j]uj<f o--i tir^J 

j»U«« I j|«^* I <* ^aIT j <ilir On » 4 * o **I 

J_»;>* jI^* *y I O—ijj crr*j C-^ u 1 -^ 3 3 y“ ‘-^1 3 j“ 

oy j. Arthur Thomson ^ j' J*) 

■ ( o~-i .xi V U > \>r t pjtjj The Outline of Science 




6 f*.} 

jljfjajb- jljaj vl—'I a*-Jj.i. a-ai <ii_y 5 OlLSpti^"" c5i“_ri 1-5 -IV ip 

O^il-aJl>.JJ O— -aj 0^ ajU— ,J£l— • •■*— aj^ai £.Uia L 

-uiJi_iUsea «_j_,V> ajlo fj <■*,..» <TJ^Oa a-JUbLla J aO< ^ a-ijji JJ J 

fJ <pl • JJJ b fj -^-Jp- Ij-*' O—-I Pa *li J S'j\J 

<T^—I -uijp- <«i|j tSJ^' <£lli JJ|JJ lSjL !»> i? JJJ »jb- 

oLf jl I ) *u \j,j A 0—1 l»_>-pa a jll— C — k <S~|J lS I 

( • Russell, Dugan-) Stewart, 



Halley e A'- 

■^■’■Edmund HalleyJ ‘ > - oi j? mai j j .->'- r -> J °j^'— u’.I - "VTj^ 

O I J |j rJ *jV:- <S"o-| o>-* o U j 1 JO 1 ^r - 

. 0—1 Oj.> ojll—0> A *•*■— ^-3 ^K'_jl_>’jJ <iv U- OJ vf*- 5 * 3 
j-i a*lji _ r *d*j'-: \ N^o JL-JJ »jU- 3 ^m «j_, f 

<rj-i a>|jj >:—'Ij jIj^-* j->- IjjIj(*j o»»j jl.,^Jjl 

. AILj JJ3J ^jji-. jljfj tSU.jli- j|a-* 

j|j fj (^l.A.jii-31 „. _,e j ^,.*e oil | jj fj iS^rJ 

I ji <T xjS j^-c. jl ^ I *ao^ j>-^ 

JJ Ol* | j>. ^y_ | <» £-*-|j . JJjbi jf % J 0J- 3 (♦-T?' 

->^ ob- • w-| •-*- f * h. S, Williams ^->y 

oliI j>- jjiA <i J| ^Jj t>»j| Ijj|^ fj (_£U»«jlo->4> oU|^>- iSyy* 

■ o-l £»_l- p^ujj Lojj i^^Co jl^~j 
- A Y o\-\ A or -\ \ \ • :•■*«* ^ Jo £i-M>Oj JU ol:- j>^ 

O"-*^ — 1 A 1 - \ *A 1 - Wlo-Uol - \ or \ - >'1 ♦ v - \AAX 
J 3 - j^ O- -4 j *5O 1 JI 0 I J>/’ l5I y <1U- y o <!*■^ N1. ./" 

cJaiiJ JJjl^L4 \ 1 0*\J-5J o^—L& 1 ^l*0->^ *jb- j 

^r^O* 3 Jj \ \ \ • <* y ^ j | ^Lii | ) o—| •ly 

^ O <lU <j 'r--t^f j 



aiT^jJJ joi I^1$ cjjj.a 

^ ■‘‘.Ti/* ■ c i I i/* or*j £***•«: [ » ; ■■ - « ■!*»■ *; 0^»- — IT J 5 ^- 5, 

ij* 1 >!•*• J-i i^iiUA .X^-i ^ *jcT 1^ ^L*-I j| ^gaJL* <Ui j\ 

jJiljJ) • XU $*^ £-U» |j jCj jH j Ji| 31 <lii jj aS^JU L>* 

»3_y.l tJ-~j jiC/ u-| Ojjrfjl \AV\ j;‘ , l>\r 

I_*jl- cS~+ £_> j| tr-Uil ) . o-| \ Arr j> J~ tjM ObU; 

(•Stewart-) Dugan-) Russell 




A—I li ^ ./* ^ A*\"\ *_3a*o ^ ATT* 

AJj^llA Lo 9J^ c_jl^A £-SlJ C-aJi >-j5 4jJ I *-*^l <0^> 

^q^a I^ o i^j]a>- . oLaA>I AJ ^j j^o &) &\ajlS<.ij\ a5^-\a*w 

JO 1 elj -L?^]a>- p . . *. t ^o Lo 1j( A -Q ol*Iil ti*£l j ^Jb I dlj J 

ojIjA* Ja>- JO J Cuj |»»!liXwo 4*A ^)j AiloiAvu'J (^JJO ^bals 

. uXI^jLca-Q (j£^l^-° 

Ol5 "jLm- (^U 'jIa* Li A-pjp>j>\> ^^p-oj.~0 

jS«-0 OwA-ju (*lp>l (_p*’* -0 °AP ^ jI.3aJI,J.2 

l^J 1^1 I a^jj ^ )$ A_^Oj lX-JLw-o aAlS^I j\ <jlj^.Le cfA.o o 

JO ^-O dLj O-wJ J . Aj ^..£» * a CAsLi ^.oS^jIAju /p 

_? L<A>-1**0 1 JI JOjL-c£• 

^ $jS^L+a Lo.i jLS"j <x^—ij 3 ^5^^,-^lj^cj ^ jLfjL 

*S<£j\^ fL~>-l 01 oLi> jSCo -A J C-— I AjA_A jlAfj jL-^ L-i ^ 
a5^oAJX oAJ.S*I^> Ap> jIajq^O (_£^L**Aj (Jjlp- AJj L^-a uA-wl vlApvA !^plL? 

J^-jl ^ ^5»cJ^lj ^JjIlXa ^ A)Lo.jl^oJ 1^ _ *A_J 4_)Lu^ T”V* 

^\) N \T ^ tJL*^j^ j\t j >-1 $ syZ+*j* j\ pjL^T^ (JL>* T'T' 0^^/^ 

oiA*w OvAO 45"o-yjj (\) ^UbjIoAJUo ojh- oob 
I ^j_j Ijl ^o^loo^ cjL-s- (r)^1 jL i_^!jbi 

ly I ^.icl Jo Li . Ju ^i.e 0_jjb (_5J Jx5"J J j ILijO eJoi JoLia U ^oj Ljjj 

jl y T Juij^i- jjo <^Las . jiil A^ilo: jIoaJLjo jlS^jl^ L ^Lrjl ^ 
^a# ^La$ 4,5^l\Jj La/> Lo wO (_^Lft y L?'.a jl ^jIolXC I 4iLil J sIIaaajL^j I 

kXAij^^si ^_5^bj ^Li(_^l©i-Xc lAj Li uVj Uojj Ob j+ a» (jLoAA I J^Li^ aosIjj ^jL^jLi* 
obA^ jl jus.** ^LiLo^-* Jaaa^i^ Of j** 4#ol^- o tp ^UiAcj jj^AA^jo 


:a> 


(^) Halley (Y)Harlow Shaply 



OttjG.) . JO lo^r**JL>-^ UaijJ JJJ 

Lf.^— ^ j*. (_5*^*“ ^ 

I _ ( 0 \ j£li ) oijZ jUal jL5"dl^lai J.* I J JIj jy jljj a5"j^j 

jl jaJLj j L (^.^Ij L® 4S - * U>ei 1 Ij* ^ ^ • -•* 

. Oubol ^lj_^ ^jJ^-C-ji jlj J ^Jj| jluXjU 





ou»i 


yj, l» jjJ 4.>- j A 4^IuXmwO 4-0. 

^ «— 

I jl . uX-** j+.A jC 2 .*)' j) ^A+*m 9 (j I 

oLl—j ^I>-|uX.) I j\js 4.^^.^! 4*-.*^ Jy) 

JJOyjZ^o ^1^1 A>al I . £yjlts.& J>L»cj 

5 0 . 1 * 0 ..* J.C^r todil 01 jj dli— iSC. 1 ^ 

ijfeCo j~-m £jl>- ^5^Ja; oOiy,«-»—_J Ifco^Jj 
Oj jd~o jSJy Ia>o^jIj Jjil 4.:>- J*> 3 OlftO^e 
lAj ^ r *—a l_Xj i_Xj b ^JSoA^jjllr Jj 3 m 

t£JI jbio iajis ^Jj) C-S^j>* 4$Cl •, | 4jiij>- 4 ^-Lj 1 ClAp 

$$ J>L^ (j^ 5 ^ c£0^-1 fjjj, l?3^. : I ^jI . 

d y>Vl» J 3>*-r° *-*t**" (SJj 3 1 °'-^ J^^ji 0 

. u\j ^ I ^0,-3 J ^)| Jj | L J^jl3 45^ 3yJL+A i(_£uX.P*> 

4^*! bl . aiA^^b v-i .Jjp uX-J^C-*^a <,J> 

(3 j£+*3 ^y^r* cA^j^ ial&jy r) jj ouXiS^I j v o I £*l^&! 

^ l/bo^j b 4^-l> I J . <_\.1 j Lo.l^a L jVL 4 j aSCL 3 OJ 3j^f >j <-Jj**3 

^Jb aS^I f ^jlj y t ^1*0 3 Oj^_— ^r.JJi A 1 ~?^ aS**O... jlLi . ^I^Jgli 

J*»J_^— k_J'l^*j £) I JJJ J>333 olJ^odjl Jjj As>-jt> olp^jjli . tXjjdwO ^T^*—_J 
Tx ia^-^Lo j ^l*«jlj I ^ I .a ._ g— I 

Aj^iS^^Jil A^-jlg>cj I jl . JuL»J 0 U 0^d»«d A$Tj 





a* Jl ^ J 

JlXaJ I lX 15 lAjl i ^.«,^y y jIlX.11,* Jj> 

L> I Jx^j ji La ^«*>oj j I jly db^o.S"oL«w^ aJj! ti3 j\ & jyi. r * iijji 

\, /1 -xdl U .c-l ^ -9 o-^l J)l>" La AO„jl JIAa.o.**' *£* tflji 

^jS^ ltA<o L i_j I ^^a ^4-JO jl^jlb a 5"^J^lajLlb |irv-^®l^> L UU*’ 0 **' (jfy J33 

• ^ A t' 6 

jL«*AaA^ft (Jjl ji A.** jj.a ^la*j y^\\ jjt^ ou\^ j> 333 Jj> A>-4,!d*jl L JJj> 
flAJ ^£Al**L*a l(_£^l>* ( i _^L^pl^>’ aS”” ^-j !cXj-a AvoJb . v—w^l A-LaJj^v 

.Al^Ua^-o^ T ♦ ♦ OU-Ai* «^'v’ ^ Ai^L vIU**.j I [S3 ^ 

^^LUwlO-***! [S3 3^ aLs»1$J.5 jJwwwO^J I A^TIcX^A Aj ji* 

c*$L-® dLj _yl» \ ♦ ♦ J^i 0^ ^ A»**,jLiia L_> lX-J I^I*a aS^A.A^£ (^ lXj-^JLj 1J 

jlAfla UU.>I aS"v^-**jI ^Uf- J y*°3^ ^il A~)l .ALiS^ ^j++*> LL L<_L.a^j I 

_^US JJ aS"^*-< y^Lj A>U<) L ^ Ia Ij ^J.x^Oj.ji ^\ 

, A ^ L AJwj 1J iAj 

I j J&M*' Jy 0^3 jliXi* /idf u\jJ^-> X^WJ ! j|ju«M.) lid ^jt 1^! 

A**.^ ^*l/b A*^U^i> jL** Oj^?T ^^3 Ai5Tt_jl-L*.>- Aj I^I^a laL I^j1^aL^13 A-oIaj 

L^j I AjL . A*>j^-* a jja+j (^IajUo^I I^J I Jjj A^->lia All^.*JbLa A—i>Jjd»cj 

I (j I La jfeTljJ . ^^LS"a—> lia lXUjJ^>-^U a 5 j>- y\ j» Ij 

^Ll^JJ l/> A-UjJ^>-jI^I^Lo L J JL*&ji t-Xl>* ^Ljj^J^a ^ <xS"" 

aU»15 AJ I ^Z*-o ^*^5^ j++> Ul L A Jt<> *'^ J -9 La_^^j L> a 5" la Al<y.^*j IJ 

. A^j^i jj IjU^jL^- 

Jy> 1*-J3 La . C~~jjy\aL> \ ^3 CA La Ajx^Z^ J6 jA J^l Ji&j* 

( \ ) *j++»3 ^ A^^IaLwm^ L a*-*^J^s»b> C *^ i Ij L^^L*" 1 .^1 

^mij I A> I^.^*.a AJ^^^Lw l«9 


(\) Mia Levitt 



( ^) (0 J ^2 I ) $ CA^ ^l**“ b 

^)L **Jy> 4>"J„3J) <AjIaA** £#b b 0 "*'* lIIj {jf*\ 1 uX) 4 Jb+jJb 4S"^**Sl>*Ji jSJI ) 


js 0^*-1 J*5 ol^jlj.* ObljJO . c~I ^SC 

«3 l—«al , lX^^+a ^*-*-«u lJ l> ^ jluAjbj JJ 4>-JJ ^*5^O^* 

Jl>-jj Lrb ^iS^jli^-o^^l?jl Jb* l^j ^b <3)b»jy 

^l„£. I « « 9 ^o^**ju 4g»cb»J ^J?Aj >■ \j 4$^**_ub ^5^^tXai I L^j I J) 0^+A*^^onA j*+\i 

, uXj -3 j-oj^1i O^ J*3 J J I J 

£TJ ^*bj I wXaL^j ^2**j 453^3 j-a! 4-J^I 0U5\^ I liA^*-a 

- jj ^$1^ ®lC; (o)j»y^ (i) jL> ^ (r) f^^SCUj^ 4, 3 j^Ujj)^ oIlU, 


<-XJLj 4,> oi_X.^ J^b- b>^ 4^b C^^ ,> «^ t!!*>1 j- *** * cX-x^J I i 


J jj . *-X-^b j y** 0^*J^ 4^-J^ 4^"iaisb Oj^l 
ocb* uXjL o-L-a iSy^-* Iv-L^aSC.^ L bbOb^ ^ # 1 j! 

JJJ o^L 4 Ia^^j O^' 0 ^ l3)l^;^-0 . uXj^-i.^oJ^j &C^\ [£Jy 

ojb^^j ^^ \J A^j ^\.^a O^ - / -J, '^° U Lfeo^lz^i I ■ ’■^■' l,, ^ , "^ , ’ , “ 0 i 

*—w^bjl^5 (**l) J)b*d t^S^I^SjJ A<w> 41*0 ^<>b! 
I^jI _o . iniu^-o ^^JijLA La^j %&J6jk*-** ^y I jkjjo 

JJ) ^j+*sx£> £-**3 0j M * 4, ^O C^b ^ti J (AlaJ^^li jJjlft ob-.J25»c) <Aju J Oj jJ 

lX*w b^j 1 -^j I 


^jb^ ojb>, jL jj) ^ Obj otx^ 4^-yb 

j-?j N ♦ ♦ OlSjb* 31 3^.b . c-^ly^3 01 l5^j^ o^* U 

AlSluLo 6jl 3$ plCj I JH J> \)y^j> lA.rO 3y» J^3J L> i^au^i 

(n) Dipper ('?) Pleiades (r) Scorpio (0 Orion ( B ) Taurus 

Ltf^jU fil jaU Andromeda j-i- fl; o^ ; y. j ^bljj Cepheus -1 

4_Tc~- I ^-Lf jt- <C_j«se,* cb^A ^5Ua^>ljJ . ijZ jrljjjl •5_ji aalA^ <-Or“V; 

. ojIj jly JLi u^iai j (cygnus) <?-l?-> ^ 



^ *• j i \j~ , JJ a-Ao^>- j*)j\ ^*a>» 

AJ'^-a JJ ^XJ^JyJ>Jy jl j£Jj j Aj'^ jlj>\\ A#T 

ji I J>y ♦ - laid ojllA |^) I AAh a1/-p\ 3J-?J£*-^ ^*~jliA j-AXa lili ^IXX.9J JI^Ia 

. :>jb Ju^jp- 

b* 1 “ k ' 6 ^ I ^1 A,wJX aIImmA ^jJ 1 ASb*-A^Afclp> b^9 b AJAAJ b ba*J I 

^-Juaoj\jl*^c11j c5uX^-i»jjj>- cjj'-M • y^~* J^f* ^ (^7°*^ o jas ^.d^S^Ia-o ^1 ^jjj 

^. aS ** iI j I ^^^33 cj! 33^* b c*)bb*lj aS*”^waam| j*aa.Aa a> 

o\j «j£3 vIA**l £^b-J^ o^IIaw AAV* ^yV^b (7)bj jIaa«a 

j . J^IaJ 33 S^LZa* uXamIj 

blS^ jLLumojLJJA j 1 j.A*a ^JyS'l CA^b^.ft>l.S^ I b '‘**‘“°y 1 (_£lplj:>- s jlj J3 A^^amS^ 
vA**l a* 3/ItXo £^lb! ^\j I ^yl +-*+•33 OJA9 O^J- --0 y ly^ t AZS*”IlA-o ^frlS* I j^jCjn 
JAA^A^bj-ueJ^ ^Sb^bJ 1(3^ b^lajJ^AS"^ylSbbm AZS*AjljAjS yM) y A) J} 

. Jujb aL* 1$ b ^pjjl 

. Aj jbc^l.A^y (_^L^>jjjl5 A J(J I^ (\) ^lai ^rb j*33j* C)^ *jb*w 

(^L^lj A^4^5 »lai AZI*^j,Aj-a AZl>^ s\j*^S^?^ y*\jA3 ^l^,*w^iV5 s_^Jlt aS\a>jIa^a 1<A» 
y^33 a*.S^ ljuo b ^7) I flj aiL ^ olrjjj ^luXjg* ajI^Ixa ^ulS^ 

*w^-j y 3 AaS^ *jJ b tjr^b ^1 £_*A o^as cAb ^jb-nby^jb flj 

. AJO ^<XfcS»c-MAi l^j I Ab=>\3 ^A>- l> lXj 1^.7» a 

Aj^>-|^-a Ij l«A>-lj J^X aAi 3 sirJ.S^ ^$1 J aJj ^*33 ^ j3* 33 J3 I ^41a 

N ♦ ♦ ^>1^4 (S3y ^ 3 ^AA ^3 0 floT J>3 l/ 1 ^^ ^ b*-fcl^j 

^| D Aj^Co AjLj Ol-kA^jb-4i.4 Ia>-U ^boj^j ^j4 I ^$b*^ AjlA ,^jb ^U-oA^l^ib 
3j) 3 ^ .1^ yS> 3 * iS3y 3 vAm^I ALa^ j J jL-j l 

«.^b5^s^ J3 ^;b — Aaa# j+a j*}J> 33jb 3y Absli jl Ia^jla 


^ - £ • S . Eddington 



* . Jl£«L („f 

\j*y> OJA* J fli ijTljJ is[f~y\j j-J jSj[^ jA 

5 cXl^cA** £^Jc?l ^a^>iu-» 4j \j (j,*^**^ L.A (JylAi>*l) Ki 

Ij^jIoa SJu»li JuI^la Io>Ij 45" 

« 

+ ^ 1^ I 1,0 tXiljJlx l^,**^jli j^mZa Jc,m* ij>J j ^*; 

»jl>- ^1 jj ^jI^Lwb !>;>■ a>- lr 1(ii,jlr ^Lii, &a— j jl J-3 aA”* t 

• (*i^ (_rti Milky Way ^->J iJj^ 
JujbjisUu j potajl>■ O^jLl-jl A^>di, jLsjj U >L» 

.d£ i£j**** -^^*** j ^£^-***j ^ ^-o ^j*. *“h 

Ijcs- « ^LJ ^ilj>- * jl b U 4.$^ oj&I^a Ij <iUUai OSJ* J*t 

l£\Jo$^jAj 4$J I t La 45 ^A^S^j**ju (^))^L*ej-JiI* ctLo^j(^)j-lS*'I 

4^AO j+>-jb j\^JLjj 1 (AjL iA^- 4j>- ij* 

^oIajo c***l ocL>» 0^-A*** 

^^a 1^> AI . ^lS^jll*««j pJoC jL**^^ (3^ (£\A£’JaZ*ha j\ 

fUr ja U 4S^*lC> j o I olj 4 *jja U ^-o ^ajIa aj>j csl<d-»li 

©aI^ - ^*Llj 4S*"o^L*-*» ^1 j L~ , aIiAju j ft ©\^»i> 

40^>- ^*1 C^o,aaJ ^Co c-9 j\ . C-*«l oJujelj cf^lj (_5 

) (\)j^5**!u-0 \ mr S\ j^Tj (^) ^aiU (_£©jIlo.3 o^.>*j^ ^yll© t ^i5"©L^j 

. l,.« . i j «^IlXju 4^"(AO lj»- t (i) Ju-I ^-fr^ ( (f) jjjU 

A, A****j ^ I Aw L jl Jl^ 1 1 V . ^ jlj Amwj ^5*uX « \J^^ 

^Ujlj! J <A I^ Ulo 40.aj £jJjj£u*\ J2 c (AoS^*© lSv-> ^1 ^L?Ij (Aaaaw L } 


(\) Dipper (T) Gieat Bear (f) Ursa Major (i) Leo the Lion 



* o fj\) Jl>1 1 )\ jM ) OiAC Iafl$ til***! till X) lib'll 

(j£ J)luX*J AT* 3 iA*J*>l^.>- iA>-l^-dl -J 4 ** ,- ^ aJ ^•* , * J cJ jl 

5 y>-$ ol*> {fOjS*£\j\y* ^'<AO \z*z^ZjJ tX*w I J L>-£» iAO 0>*J3 

£)[+a j\ j ^ j**y 4 ^**^1 ®»a^ jj C<?c^ Ol-?l^ 

♦ ^ * » ' . *ni jC^T 1^» 1 ^.<j I ol.^^> £fc>J* 

(^l^ C Cmu) iljjo jL ~ J tXA^LfcA.-® •wC’Va^' 4aOW ^Lm^» AX'^-o-Pto I 

jVaa>>- I^L-mQ \j ^)l! ^Ia5 j^.*Z-P ^jl^Oll**** ^^""o-«**l ^./^c*-**^y 2>- L5**^ 

^\ j} t-^ii I^j I v^*9L«a»«® ^jJfcJjjs^ 1 .<■ ^•mS'' 

^,»_jl ^la9 i ^.uS*" \£b y (JV^mIj I vl\3 c ^ ^ ^ i-X—C-1 ^Jol^tlS"" 

lA.)L^j J) S"jl*-w> b t \Z*++> I {SJy Ju*j!j* Xo ♦ 

♦ cXJa*Ij (j $Jy (jL*>ol^.fc D ♦ 

^S"iAa-^J^. 2> 1 I L/l Jy*£i!> IJ^LlaS Jj-.-J>- 

j ^ jusoj_>- tSijSs?* £j* 4 oj ^ £*^ ^ c^i 

J^Jpol^Ij^’ua Ol^T^5CA> otel jL- IJ a^yjijyy^ 

I O ^^*Lo ^ I yflb i_Xm9 

-^1 (j/^ jl ^ J3 ^laC I aS^iAO \jbiAjU 

(j^^S^>j) t 1^) ^ »^4c \j\j£Lfi 1^ IhXw^LwwA 

jj ^y>- ® 1^ l^U-S^S"^! c JJ.!L**^ (Jl>- JJ l<r^ (_£lo<AC 3 <-Xj^y>- Lia3 JJ) ^£> 

♦ lXLoIj^o (x^ ® <,5^^°“*^ ^ 


(\ ) SuperGalaxy (\) Island Universes 



*)U T 

ij*- 0-1 ^ ^jLU |j ^U-liilo ^j>«»>‘ ,^iI —11 

,*.jaco j£vkl» <J jJS*<£L -O [aJ <X**£xz*J <> l5*^ ( '.? 

TYo—• Marvels of the Universe, ‘t’^j-> *^-^*31 J* 1 ) J* 6 

(• 4Ji St 7 Arthur Twidle 





Oregon jMf^SL-TkiU- 

\ ^j»)L» *£" <^— \y- (j^-—^ x|#x*Lj cili.-'U Jlil»| ^_l — \o i }£-~' 

UT*j ^ M j^‘. ls~^~ c ‘ i ~—’I p»* jl" *j,i-*jJ Lj - j " 

^•Ij *j>* JJ ^jji-Ca- lr 4ii|x ^ y- J^- 

.A * . Ti * i | ^i*L I j 3I ^pi jI I • xiL 




T.A1 ju.jlTja - AT. A 

*JU. j^jl_4 ^,'uj |j jbfj .jli-ciL £^1*^.1 .0-1 •■‘i 

I JjVa j*' bob** I 4 ~ —a ij^Vi* . o-“ I fy*y* 

• jlw I J(^> I jb J jl#w ^*Jj] 


jL— I Ji {) j* ^ I <T| J<*i | . Ifi Uj ji J ^ L* «jU-. _ —11.0 J^ 

."VT, JU-jj •£tijbfj «jh- 4JlL o«*< i5^*; JliC** »jU*» 

_>>^-o •*; <To-i isjj* > r '^* 31 (j*— 5 c-A*oi' • • J - , y*'"l i 0^—^* I j** 0^3 
fjJU* o^l ■ £*"l» fLLj (iUibi. Bayeux ‘-“-I Odo 

. ^L* jbfj |»> ,y.l<S" 










Joseph Von Fraunhoffer (Mfl tfNYAY) J 

•Ai aJ^l. L ji IJ | j cili j ; J y * jly <jjjj - -i. \ jCi 

)aya±- >U- Jf I . 0—1 <o y ( j" jp J JI 1 t j- > -' J I J - — 

*—».>" ' A \ i lH—; Olj* ,Jj J>; •■*•£ \ A • T J'— L y“*- i <-*■)* 

t Sj^ • j I-*-1 j*y* Olj* j^- *-f— jlf j ] 0 ;..*Aj \)_r at ' 

*<- »— i-A* ^-1—»tj ^ J (»— j J «—J*A£ 

■A-L* li ^3 y& ul^;* ^A 15*" | .^1—-» \ i"-^ L 

^O—'l ^ • l&U |j <j \scj \>- ojU-l, 4JL+1S" ^ | ^ 




YV - l 'f 1 C ® [ 5 1 r-C <—f J «> | ^ J> ^ ^ 0 ?**/"* ("■ -f \ rt* * 

ci' i fv-B^ |',r'w :: ^o ^i^rro *'$’' <rcj 







-JfctAiA (_J*39 


cj ^***^ojb o {[) ^ 

(^tXal^>- ^-~0>- CjJjmZ* . 'AJ a oA~filj 

^■l^ol C-5"^>-jl iai$ 4& OjlAj i)J33 C-~~j 



Afc A-uO +Jl> jUj Jbjz <_, I £-1 y>] 

. lxo cfy— ^ -^- l ^ I of j>- (jjlj 

OAA^o (J^aj^ju (j\aJ ^ Jfljj JO Cjy& ^1 ^-“1 

. lybjj Oil ^ ^ 

j5"I JolS" ly ^o LlaSJO ^lj-«) t ftbil 4> Ij> <J^ll:>*l4j^5*^Jb 

4$^A**^*a J*5 A*)y 4^Jjjlj^LwO IjL* jj?j5"oy AL«y U>j £-1 ^jal 

y > -u > ^ 45" aj !t_x_i-fi o!o Ij I j) o^?b Ia***^ 

. Oj5"^ IAz-» 4s»eAjJ0J O^<u0Jj.>-jj ! 

— | -^ j ^ sAe 1 ^Ji^i>- 4» ys> jl Ia^ ^1 45"^5"j*^5 
y olij J-J o1a*T A^jj) Ci\iJfl Jl^ . ji L° yj.5"*_2 Jhi Ua5J0 

^ 4» (^V**oIaju 4-J \j oL^O 45"AJJy j«h y^Ai \j) j * 3 ^^ bl ■ 

^ly&lAU Ijj ^oj j^-> m 2 b oL^d 45"^l*>b J^jIjAj. L*-o ^y*5*sC A*wyj O ♦ Ij 

# 

y* j^ 0 4-k^*X AJbA^ct jJIaIj I Lo yuoj 45"^flA^ 4$Cl> t ■ \ 1’5^U.^ yolyi>! 0 




L‘ O • iaJii I , (iL* I \j ^LiO-l ^jil . Owl oJuOS '} ^Jl y'Jj* 

\j ^y> dll* I 4.5^ Oa^^J bl y>- jjS’lJy*-y La ^yy^ 0$ y 4j ^yA 

0^-Lw>- 4jJ| . ^“L^a y yJ lj luXx? l)OL j*\*J O y^ £^Ij-aI ^Ijuu 4 j>* jJb 
L^A-JO^I j\j La ^_f y^ iX-^J 4 ^^L*a lXj>cj Oj^ ^1^*1 c£**t <S*J* 

j *.«■*»»i 1 y ^' j * * w l L>\ I I^j I 

. >AJjlwXi O^Iw>- jlj^ 0-***«ojl 

^l^*°) 45^<^\SsJ.jk . i-XJj^— o L«j ^gy&S* jrO La (^L^O 

a 

t^flXz^cA AJlJI . y^*^y 1 ^ y i La Ij IlX^ (A**iL 4^Ai J3 ^ yA \ • m )\^L*S^ luX^ 

dilJb I CLiJyj&J J2 \> j*a N A L_j ^lla ^«oju _ Ju^aA <3y jjjo- 

4l^a La ojLuad ^L J O y& ^L jt& 4.>-^Jb y . iAj j.i,£.«a ^oj 

^iI^IiAju . jL —j Ij-fr X ♦ 4 j >3 j)O-a jj yJ3 y yj \iX*& 

JoLaa^J O—o J^l9 L® ^-yf©J ^j ^y £j ©jL 

. lXj I a^1* 0 l\O 

,lX-*^—^*(_ 3 ^ ^ I tAJjLa j y I ^j'^o (y^ y* * 1 

/o ^*aju (_£)^j La| Ow-'l £^laaL ^j^L^Ol ^*aa>(_£l^J>-j^-^ltX^ 

cXJ^Ij jlj-fc X ♦ j! j+£*+j ^JoliLa La ^as»ca ClJy^-»» 

. 0^*1 jS" 

^J^&a (3^ ^-wLo*a £\y ouLa ltx«£» ^l_^-°l 

y kXiL^a $y^ vO^ L »>^a^)| ^^L olXO A^oJ^AiL*^ .(AI^lXa-a 

tJ^L? AmJiIj OL txoL j+a T*o ♦ La L ^y+& ^ l.j^Oe-fc-a^j <^^>-^1 

. i\+»y Loj^*.' (^IiAxp L“ uX.£*^whA 

sO^I t JjJOe ojlLb«^5 ^ Ji^ ^ 

ijyy-> yy2 OaO^J^ ^jJ I (_£,lXO^*aj La^ji^^j (^LaJ tiL 



^ jfA** IcX-« l j X.A £*—*<• <J^L> 4Ul; A-um^^w*j I (jjl j) Al^* j+a l* 

4-ub *\ & A*^t> 4A^ta c£ 'j***^*^J3 J^jIiAaA A^Aj^LXi I 

O^il fiA***0 ^0-^J ltX^3 lj OyXjS 

^ Oji ^^(ji t^.S* ^ ^ Cj y*° C*£ j~> JL* ^jlfj APJ l^Iam* 

^,$l^is?l ^ AP.^ ^A-* ^ I (jLo A*j $ $ yl+*+A oAO jL^ I 4_L^,.> 

„2 <w*^>l ^ A.S"* Ia^> 1 iA^ wjL>o I ^1 4«Aj>b<j 

1 A—e^S^I ^j^i,£j^a I J I {£J*-* Al>-\j 0**»l Alb jL .—j ACJ (^!a><s> y>- 

^5 j* \<JuA J> I LalcA<JJX» X*>Ij \ 0 \j iXC-J (^l<A*<» AJ*\j (_£^L&^LhS^ 

^ .» iS ** { j^> m lj c 5 Oa*>l ^jSs—o-a A^l> 

$ 5 jJL+aJLiS AtJJ O^ I 4,£jLj>- 

j3^L» y j> 1 j lXcj^ t }y J^ly ail ^jjl^ ^yljj 

& 

i£j IAiiLa &dic\.«p Ult I j>J AaJI 

ojliXj I (ili Lo^l j\ tf C^* l -^ J ^ J [a (_£Vb j*, \^\ .^J).*m«<paJ jj ^ I J«5 

uU«J C_£*^ J ^ AC^ (_£|A/«s> fUjJ d*»**«^j 

:>ja>o:>l?jj. 3 ciL^»jl Ij ( ^I^I^j1^jU c a;I JJU ^ jy t <}\ I 

^LsjbizJ I (j^liA<s>lr a—£* 5^iJ^l^ AjcLsa^Zj ao ^jZaj^S 'T ♦ 

juXSoxo Jj.^a lj f!y>! ^ 

♦ AiVi xL^ld JLcL^I J |iA«3 ^-o 4jL^^ Al - ^- o^l J^SC-^a I 



.AlX^-sA cJla* 




J* 



O^-o^(J*“' 0jlJt>-| . Jy 

jlfjl ojLf- ojl j>5 Jy C. 

{£ ^ «fl**«>' a loycj ^ d ‘ ~ ■ ■ ■ 

. i>Jj Ljo Lo 

Jya> c >.J‘-X£j IjsA.]| 

oJii<^>- Jjlj «-)J—j-o l*j 0_J>"J C—“I £jl:>- 

I J^-o-^Jy j|uX>-l . -.-o Aj J 

iXi^ ^^1 y Lfc4,j^^1 j\ j ^IiAjo*^5 (y lAJ.*uj 

. I 

Lj(_£J) oiA-JiC aS"*-XO p*Jbl^p- (_£JJ^O O J 'uJ Ij o<aJ£p 

L_-a) . <AjLo^>& ^ 1 jjol 4j |iA>- 9 (Aljlja C-wj Jj\p Jy ^j-s?l y>- 3^j Ca**0“!> 

^-u L\-s<o 4.SC)p>- i-Xaa>^- wO 4_o^ ^j£> iX» 1 Jj^d (Jl^.^ I ^ .3 ^ *^ a iA-J^j 4.>» jl £")p>! I 
(_^Ll a$ (_£ jLS\) ^JmO \o ♦ <5 lL-s>Is^I LX*.£jJy>~ Jy 4.5^ 

4-^.i jj'-^ Jy* ^ y^ «-v.J^.r “^y* iAj I L°l 

. CwJ 

uA) Lj ,^5luXj {£ J J I J y V_AA*>| ^^>0 ^Jb 

jl j—l ^^JjIjI 4^Jj . c^l ^3 ji (_$Lfc*jb ,J^o | -^^® (3* if^ *$> / 



! yt A^AfbtJ 1 j\ , Aj l«d ^0^1 £ )A ASc^ W***0^<yA<a^ 

A.] ^15" )IJii-^« I J.J I \jjy { j*\£x£ JjOj [*AA I 

♦ c-^-l jy^jOiA (\) «bl^» L (n)®0^^* a> aS^^aJ I»Aaa (j?Lp> 

lj* aS^C-a*I^ yLfc Lojcajl ^Jfc^yl A^Cj y>- 

iXLaa* j^a*) ^LxoIjB jP*j\ aS* jJLuftJ j{3J ^«^l> A^l» L^- ' .-fr . oi_\JL> 

CaI^aS*" c^.i L J ^a15"”lA*su 0 L^j ^ J^ L Ob.ft ^ bo ^ ^r** <Jl>- 

aoj ^1. tXiiS^0^" ^ j ^ >-^j IL® ^Jii^o <SJ3J ^ I J* ^ 
a$^ 3j ocXi.jO^ oVI^a^^jI (S^y JLj^ aSCzaJ I j! 

. :>/, b 

Aj I jLLajI 3 aiA-fc>t<j jL*-*a-j aLaaai _5 i^Lo^-j l^j V^«^ tAS I A“...»j^> a J 3^a\ 

^y^Sb^J^Ij-al ^I<AjuJ3 ^plj 3 (_£L^Jj J^A# OjLi L^Jj aS^lAaaS^ <-JlzS 

dL^jj^) j*Ai I iS3y a^> 0>-^5^l . L-Xj j)- . o A. a Lo^jl>- 3j\j ajIjjj a5^c-aaIj^j 

aT JujLo-*^^aaL«->-| (AaJ^j JJ y* La^,£*^- ^jl_? 0 ^ ^jLAa-o VoA AajIj l^A> JJ aS"iAJJaL 
(J ^ LXl5^>-^S^J<-AA> I ^)j._,a!j^j| * ^jliA^L-a O^yLaL 

. \3j y^^^> oAO 

O ^ iS^j* 3 ^j-aaaJ Aj 0 \ y& ) aS^ ^ a aaj I^a-^ La^S^ I 

ij*. CM>3 aS"oJ^IJ . C-d Jsl+A(j,\s>- 0 I J-5 ^^ajlJ>*\.\ Ua3 ^Io-JuIaaj 

. OawI b(_$l^> ^l^al I 

A^aJ 1(^1 j> . iAj ^Lo-ij ^IoaaJ L*a).J JI _)Jy y ^l^al ^ItAju iAi I Aaa^J I y Lfc^)! y^Vj3 
J7^a0p ♦ ♦ ♦ «AjL ^jIaI^IlaT^ I A^t-XAS^la J3 ^aa»L^*>-1 lAJ^j’ Jy 

Y A• ♦ • Ja jij ££ ♦ ♦ ♦ ijjj ^A* ♦ *^*" — iA-iil» lp<aSXjo 

^1 \jaB ^Zo-wJ’Lp* 

\ jo JJ ^_ja jlj-#> TT jl _p-^<SJy I J^-t^ oj^j>j . lXJj 1 ^^a** La ^ > cj 


\-Photon X-Quanta 




I I ji^L*«a , C*<~'I^>”L£ l^j I .iJ^OjlL* ejbjpl Ju 2-L 4X**b 

• J 

b» I ^lXjiAj L«^i.>- .3jj VL {^** A t ^ Pw Jy s j^l ^IuXju^I I j! 

ol j*Z*>- ^xc A JL) ji J jL ~, (J^Lfrli-X*^ £~l yfi\ Jui La ^"l^a! {J* ^ £*+2" \j\ . vI1aa**aj 

Xjo 'L'L jl *>-I^aI . \X> ©lX-J-^ uXJ^o o^L»JI^3ji Oj-*" ^5^ 

. »Aj jb ^L wXLj I iS** 

. ^-oLl—a \ j I 4^ uX-^^aA La^^au o2lls*c<a (J?LftJ^S _j!^^l^lo*c<a lXa^O^S>^I 

^5*1 .lAJjbLa^ l^b ^y^*i^** 4jlJ! tlj^La ^l^jl 

,0^1 i-Xi* b <s^ji'fj?** 9 ^ jjvS^jl^* ^l^®l ^Jjljl ^oS^jluXio La £)Jo 

IJ *^ji»Ali C-bjLo ^)^ja| xS** tXj loj ^ £>) J*>"\ 1^0 y*a£cJ* (_£L^-.aV I j^>-l 

^Llj^ ^^aa»* S**I (^L^aj b) (_^|4 jV i.£ . ‘■XlSbbw I Lp^.Iao/> \+no$ 

^)jc>~2yk> \j JLhl> c\jj\a iXUJjji 31 e$jL )j!jJU ^Sbjb (\) 0-b-?l 

£l ^1 ^ibl jljJu i£LA9 . jjb OA^I jljJLa I j* J* . Ju^*» 

. Oa^I^* aa La (_^l0 I ^L J jlcXia iX1a*>Lb ^j!a!» tbjLa 

jL ^*1^4^ 4JL*A» ^-*ju J j),.*.La ^1 aaw^> Ijj^j b 1 ^ ^ d b La 4S\H-***L^j ^9 
. C^lof b d^jj4^^u ^a»La-I 4jI—^ N'WX Jb»j^ (_^-^ * 

^jo/LJ jI Ob^ JuLXj uXjLftJuja (‘UcilljJwo^ obd I Jjj CjI^ ia5 

jl j^JajUjfc p^&1jj»cj j 5" I. uxi£jL ol\o I j Jbw 

0 ^lfl T .i M I JJ 1 ^1 O^oJ O^I a Ia^I ^Jb ^I^aaJ ^AdJU s^JlJzS (J $>\ JjjJl^iLa ^)l5 "jIaaa# 
®^!«-\j bo ■5 4 j^o olS^w^j l_a I J I ^uXs**j J $Z>- **>j U » S ^ 

(lY jCi) 1 

jy j\^-y.*aj* ^j^.? 4 S"«_>*ry ^Ipu Ijj^jLo Ja^y ji$~i) I 

^ J y^S' "j+i 0jl5 ^—1j ^jf+*s*5 Jy £-*A IJ t_jllS I J ty ^ \ . ^ ■ \^ .*A idl^ejl 4_jlld I 


\ - Ozone 



Ur • ^J-^wb ) j* ^ ^Ul ^jji £ jij yi 

4^.1) Jj jlt-Xj^-iO^ C-Jl< l^,^l ) XL '^^ >AJjLa^j .* * ..)> , AjJ 

b ^->jj^ oj I 4 S" s^jl+a ^b-b jjj jj> ^u jukh y*J* 

S>£L\j ^o ^Cjlol> ^ I j ^j3Xi * 5 J>^jl . Iy b ^bb)l ^ 

. <_XJjfeiXwa jA* 

li j ^i^JI ^V «>b ^PyjtXA bL L? 

ij?^si'>j* jy ^ r +fi>3jj r S’ (SJy~~*-)\ b {jfJy ^ l^b. tO -*l jjlal^oAj-J 4j3lr Jl —c-i 
J y I Lai . ^ob ^ j -£ 4^ C, mJ I Js?l*ob .^J^Sb-o 

4a)1J&o \j 5 Ua£ 1 j yt^ j\ t bb b^pb^b**** 

. I ^Jb|^5>- C-4jb^tAj (_£4^s.*Ij 

L^b^Xj j iSJ^j* . C*^b j T . * >.^> <ibj <-Vb" ^ ^y, Ijj Up I 

i j^ L y (*\Y® J^-S*) . •XoL^y ^y*3J (JjLX'JjI 5 3jb { ja>y<z9*.A 

L^SvIj J ^y I . <JJ jb liL ^y lX 1 >* ^ L^l° jb ^J 3 *Aj jl Ju j~ ,Z-+ ) lil> JiAl>- bjlS* 

ujail>c-o j\y I alS". i-XJj} j—a jbi*> l/b ^15^ tt C 1 ^^)) ^?l ® b JjLoj 4>-^ 

bj^O I jX^b>3 C$l^b" (^bbjlT<Sl>-^ 0 ~jb p-*l-^bija JyjLlAyJJ *b 

4j bu 4^cXj IolX^> (_£lXL> 4J-mj3 ^axS'cC- ^-'^ , -? (3^*^ ^ -b>^ia>* I . Ju-i*L^a 

^(^9 ^ybwb ^j|ju bb^^jjjl 41^^ y>J olS • u)JoLa^a (Sj*J L^bfc^lis 

^ypyua&zA (^iAJL» byj ^b <-VJj ba bbo^ I bUb ^14^Ljlja4j«-il 

J^jljl f\j£jfi> J^ia>* d **«^a >-^V . ^jb^.>-0 I s—O-A^ ^5CjJ 
bj O^'X 1 . 0 >^m) bb*** l <Ji^ 4 1 ^ uX^LmJ b Lsbb t4»b^ cXlj La ^*b^l 

cXP-bala^J^j -^^i 3 lbl ^ I J 3 ^iS^b jU»o O Js*^ J3 IJ Jl>wJ 

. j>jb j J ^t p t lo ( j<ag r.*.iitt (^ 

^ ^.^Jl v^aV >b jtr-- Oj^ cSli^sL" (AaL>- i_fl*L Jlla (^1 Jj 
^)U>-JjLJ (jliAi>- r»- bjla>- . Jteiji iA1*a>- (J I JJ 



y 


^ b^S*v-V^.iL»^ Lu < Jy aS^wJuIAa®^S"*^1^1 uL^ 
{Jp5 .uX***L** y*+y l** j*J$ ^J^ , ~!: MA ^J^cjbb jjjJjl flcxS^A . (lY-A-JS^d) 

j\ ‘^-*^—*9 d b 0-*J <5y>-yA Jy ^y* db J J I^jZj L*i TjO jbJ5 ^ -"-'t^ 

^—-*■**'■) J5 i£.)\y —>1 L^b^Z> J b y I L-bjjl l O^L^I J_^b ^lj 4.S^jdl? 

^ ^pr^ l>A^ 1 ‘-v^SC J j>^ r »»ir jIja'YI Ij jIjadAjI 0^o>IjaI jIjou’ ^b 
; I < _ s ^-> J AOjL jj) I0—1 (_5"*-° ^lj-°l jljju i$bb ^^->J Jai*- 

I .J aS*O- wJ i— ! L+ *+a ^iAaj I bo r^ i oOl ^L^l 

i Jjlj (_5^aZs>oo Ojb) “* 4il—*1^* tibj Ja>-^A 4^-J JyoJi ^ • * ■ ■ 

dl;j (Ai>- j! j dbj:> t y(y$^ ^-^dj .^1 b^lS* Jl>- 

♦ ^-*aJ yA&t.ZmA 

A^wjLo. 5 ^J^b**^ s^^-bld &S^\* d***»)^S^ lAj^ p3V y^ZS-j\ b^JLl Aj Jy 

Oljl j ©jAid*J \j*Jy jl u\j U 

Cd**>l t_jld:> jL w -^-2 0^*1 ^>-y t^-*)l>" jd*~i ^Jl\*£- c>^pe> 4 y>- ^»y^ 

boJLOj^b*" (^)y i&yJi^A &&• y*A Abj yS^-t _^bcXd>. d-**! 0«A*Pc.*O^I y*\y A^wj^> 

y» y^yy (jy'S' I . J ^L*.a ojlfll^l oO^Jy aS^ ^i_XjiJo>- ob-O^jl Lj^ i£\-& 

.Jy jJj ^oda5»c-i-a^l^^j 

J^^i>oodi^j tXULa >-\j\ y*a*jJ3 ^^yyAA C^**l (£^3 £yjX*> 

0***iuXj I y 1 ^>1 Jy b I . ^ yt u ^ A 0^9b ^y b 

)* c#) • ^1 ^j 3 dlsj 31 ^ jA & A*\y>- JyJ^> *OJ I 

4i^>u' Jj ■*■ ■ j y J JJ I j>Jy I ■ 0—1 fjJiA— jl^ jjaweO* 4 JJJ 

4 jlS* obj Ij ibj ^Jjj dSoJ JO Jil o I JJ J 

jL— o— 1^-jLi-U ,j-^i—jjl jlS" a^*aCia L»^*wko ^ol jjjl. o—l 

. lX-^I—vo o^ U ^I 

l^S I b^JJ’ 4j . uX-ll—Jfc> o^ld.^1 ^ l£j b .4«H) c?bb uA-i? 


JJ 
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CmmI ^j* J y*J-J I 4T 4)bw 

J - i W• Auripa ^*->^- o'-' J > — YX 

O'-' *£f\ o —j ■ !»—.: *! (•**“• l>*^* lj — j jlrll 

j?f**j .■ l ;^" l /‘ *J^» — jl 1 u*K-“I ,/Ij.s 

J -* J r 4 l_; yj £>• Jj—1* L J 

<y_l)- o—I (_r—i5^tr*'V- , .y Sr 5, <j!^* 0 ‘O ■ J >-r* l)J^; 4 —: 

. ..Li. <- r 7 ^*1. \,j~->* l* \\H _ r <'-o J - 5 <iU^j ji cr^ 

( o-i £jr jo*v-jj j> J.u*ja |*4* o^*j 




S A ■“ |* <-ae^ ^ 0 T\f j y r if? ^r rp !5^ [ t^ r r ;r <nr ( ‘s-y^ cr :> 





j < jk*i wJdT< jf I wJT ^fX 9 jj *»i 


Yi JC- 





0-1 0 j£}\ J 31 _r- ^ I y.>—' o'- 1 Vf ‘-'-A'jl - Yo 

a; >!-• *Xj ^ I Jji I*— J #jll— ^OpX*- JJ ■ Iji-'J* oL— | <_$ 

lytH# |j«L— y \ I •'*''• J 1-5 jl J* «>l-— J> \ ol J Cj?. JT 

(jl«»-* I ^T»1U j* t \0 * j** I l«*J *AJ | C*-L»« i y^‘JJ j\y*+A 

• c—| jIj>^ ^y**. 1 J* l-> 

s?\y N\cr ^-^- 3 fj-^TT Barnard ^LfUdljl'^u*--) 

(.%!— ^pL-<- o-^j; A \ \ \ . 





£bj() ^jbe^ i 

•jl—' ]*~y !_$■* |»< I j| ^♦JeC-* b j, | jCijj _Y"\ 

l$l* «j_y jl Vi I J-i .i—Ij 0~- J£li JJ ■ <1—'I •■*■- ^Ijji Jlj* 1 ** 

j c~-l Jilj »—»_A» 31 -*-ili ojf j>ijj l> I lSI *jb- | *i~ •■*:•» p'l 

JJ J *ii|j.H (jl—I JJ jl JJ (jil • Ij* I l- 1 

J ~r 4< —l-_r; ^ Ij y ^ l*" ,_r*£- c V*. ^ V^- 

^W-ji ) . jjl-if i^l»- Ij j^»- <Hjj j?| j oJ-iS* <j| j| 

( _ r O ^J'lsC r i .VCi;|j c liu^jjj ^ijj j| j ^ \. \ tiVjr JJ ^jb - 

(, O—l 





jl) j^jiljji j\im 

jlr 1 j iTjli- jy <il> jU <»- j ^ I jy <*- Uc— — y Y (3^* 

fji I iyt^ • o—l <* <j Ut— jj _r* J-** ^ 1 . -eld.* 

1^ <£" o—| _y* tlA* -- I <Wi> ^J j j ^Cijlr ^La ^ Ut— <5^ -C-^ 

< Ct . o | L* j | j lr ^ I ol* . jj I »j^5^ oW-*i ^ 31 I j i y 

L j x£ ^>\jy b If I o-o 1*^1 jZLi$j> _p (ilo^- 
fj *- 1 .1 > • ^ \ \ ♦ 0 J^J-> uT^ ) ■ ‘ A ~'^ c * iai ^ ^ (^-31 J 0-1^1 L*— 

^ o—!*•*— ^ «— • t^o |j L>-«o?j 





2J I A^^TIaaI*.*^^J AfT^-i^ l?* 

I Ij^.^ *^.<jliAj^-o flu ^ 1 v-^jb o j\lL*»jb JJ> A$Cj ,^l5 ^yk ^b ^jj !^!Lw» 

jSL*ak**j I yS -a f Lj v — ° -** ' 7 J? b t ^Ii3 jL^i _)y>- ^A-^voJ I 

. iAj lojj^S^ ^Q.zSj> j ^Lx> ^ <-X+£>yy>~ 

j\ Aisb yfi> I „pl5"*bA —+a j\ iac L^ ia o<Aijb cX^l>- ^1 a$L y y ^I 

tX) j) y^ ^iS^^**^ bo^ I b^ j °y^ y y yjxx# ji y I y I u\-*j y ^** j 0ix5C-» t-lb I 

. <Aj yO^~+A 1 c_^flib*»**i ,L?^]fi2>' A^ 

J^»o jl b J lXjLoj t_ju\>- \y ^L.\y \?jia>- jl (_£jli_\jU I jtf ^Jblb> 

1?^la>* A_S^otXibLi^a A^lj&lSCl* J C*^l Aj >-y <^Jb- A**fc*Aj ja\ y\ _$ jy* 
iX^jb iXjb I {J^** •) b > ^ ^ - ~> ‘ A 5"* Aid ^{£5J ab—* 

I aS^^ jSL^j* a^c-Jo ^jl>boj I Ijl . jj^.*.^ yS<y I jIa—j bo y.* La y I 

^1 cO^_oj i j«-X>* . >a <^I,«f-b A^o y j b*M j y (^Ljb Aj L, 

olj^J bft> (A*J A — S^o^l ^-o-^-a Jb> w-^cE C^g»l>- ^1 LflA^a .J J\J** 

.* j* ^*\y> (£J3 1 ^b 

t _jj3^> 1 ol^^j iX»AJ 

tXC'bkSLL* AjjastJ(_£‘° ci >3 jb,«**> ^p«1j )J 

aSCIaxLs^ c-^jb 

l—^1 . *5jvX^lsA j p ^ a:> ’ 0 j^ ^ybob^tX*^jjj^> jjj Jojj c a , *^ Ljb ^>1 

I aS"I jls»a 3 p yS I jlS^«Al-^i y u*+ j buX*^>J^,>- jl^ Ia^-1i l^a^toj 

I^J^bkAW ^ o O 5 J*** _^1^> V-^wj| ^ y* 

J ~ " L */- 

. AS"sJ-w^I ^jj^bwuJ 1?^l a >» b^ ^ oli*^ lAJ^L.. . is JJ^jb 

iXjiA-fi Obj 0*^1 Lo^i-w*ojI A-S^ la i i 3 J$\ 

.2JJ I (,^jL^*Pci u\j b aS^.3^Ij yLt^k^ I ^ ^y\ (_^l^^jb 

Ij l^i I aS^C-^ l v-iilelc^ j\^ {£$bj ^^bu O^jy- I 



JjUloy L Jicji u *'—>■! .^I*J 

Ju^<...oj‘T Jj ,JuJu» I Ji jlaw CjJy* i) x5Cl, Jul#Jwi i_j^»> » iXuiO^S* - 

JJ * JiJiSC, JJja\ . C—-I iyr-yt 

jl^A» iA*£*J^:> I ^Lm->-I ^9j-» 0*^1 yu-4J 1 

^ ^^.< 3 I «. ^yJ iXfc*» — ^wJ —Q y »■«** 5 ^*I. y^t.^ *u)uAi^ 

i X j u j—** - ^As — c5-?-^ — ^p- 0 — cJIj ^ — (J^*-*^ — q* ^ 

^1 ^j3jJ^ 315 "jl^^U bjl A&Lj\£j\2*» 
u Ln U »5 jp (J^ jtL*+**j I JsWJ&}y>2 J LUw ".d^U* cili cJjL**0 

J*3 Ji LfcjlS^^I kX^Jy>- tjl^iAljU> .dij^^j jlydljl OJ^t I 

JJ ^jLj _^(_5" <jvol ( jl» «3j^>"jl aS'J j\y\ i-\JjiL>-JuV» J>^>- Jy j 

(*lj ^^j>~ < y>ya^A <sy ^3-? ^ ^ OwjI jIt v_flj j..b J^^la>- jlz*^ v. A *U 

. Va\^£|^> ww *1 J)y>yA I 



j y lXp* 



igj U^b . !•» 

y^jy\j^coy^ a5*^j Iaj^X ja a^1*jWcj 1 j 

kSj Jy& JO ^**jA; tA-J&iAj ojl>"l lCu*l 0<A-i 
Aj>Aj I JJ cb jSki Of j I j>JJ Coy ^ -■ ‘ •a 
aS*I J^^^s>~j^ Co\ 'Aj^a ,<A*9La I 
.Jl^IoiAO Li IMS'flj I i_j I 

I ui*S*y>“ ^3 yJO cA^ilj AJLwmIa ^JpLo I 
Jjj| . AiS'^A jliwl t_j I c5_?J c^-?" 0 

.03 y*~ ojl»l ^jlzjoj yLjj jotS'^y-lyWs iAJ^i^o^; ^>jl i^yL>jAyj jL-*j^I^aI 
o^j Ia.9 OJ^o L oJ *b-i yj jUij 11 a aS'^^I sjLoJb d***JO y\ ^y I 

jji I JO Jb- ^J*C- JOJ A^yA ^_ ? ~‘ , ‘~ a ^ tS? J* L _/L yLs> aLbi I Ij ^1 jaI 

y JO °yJo £y jl t£_yl>\A5 0-^^ •'■^Li^A aLej I 0 ^\y\o y- dJo ^y*- 

OjLo . <AJ^Ia aLaL—9 j\ ^I^aI ^ j? . " mi^ .^A l— aI ^*y& Lloy ^L>* 

i_Jic JAJ iil»Ajj jX>- ‘A-'y—y aLuI j&cla -L**^T aS'^s-I^aI J^~>o 

j ■ OjJJO *_» jl 

^IuXa^aS'(Ai La {*jViALil> (3 aLa IiAa ^-lysl OJyJO j3 DI(_jj9 ^a-a^I ^ja 
.iAaX y A^A^aaIa^Ia^Ci 1 aIjacIj y yj 0 J ■*. ■ aLL Oy Lj A^Z»aI^ T ' jb y y^ jJoy* 

cby-JoJbi&S0 £ijjA (3)1 yj*JJy ^y3y Iy I JCkaI^&aoa ^LL"J-aI ^jil ISlirl 
jjli ^ ji Cjy»* *—Ajl$**e ^ lXmaIj 




iJiXi Ot j **i ^.jljo lj yi ^A£y ) 0 >~ L$jiJ jf\ 

. ^*iS* {J*** 11 t 0 '-^' (^IlX-* £^1 ^ 1 a> jjsIj \j> 1 

1 ^_>■ lX^V> o-*^’ y-^y*y^’ y ^J ol j+i*^ 2Jy<*J5 ^ 7 !^-®! O'-^* l)^ 3 * - 

y^*y*y^y^y^ >m 7rl^®l '^■a ^<A-£'Lj(3^^“ P iJ j>^Ayy» sjyAjs 

U I $y» C- O’- {*lSCj.JbJJ yj yAc ^jJ Cjy*» l$IJa» ^\ja\ JJoIa t^)Oj* lilijji 

(_ 5 jLLb cjL. jpK> a S^^fWcj I lr ? lAj^j I ^..jfL j jjj tfij j a5"c—j ^Js~aa 

Jo y£**A Oi^>-jl 0**l OaJJ.JjIiAj IJ ^-**3 jitj^j uXiS” 

jl^_* Jtoi.^ Ajo\jJ^ i . C -...fe J^j OtjUaj j-u* C*C^jjj (^jl)J JjS 
.Jtl^"^J j<o^j t £jJj> i^A-o-^JJ jliaS_J J.jLo_u^jo OsL~o J^A y)^" 

jl aS"^ yj yAy^ j} Cjy**3 ^ ^ 0 c\Ij\-o y*i yA y} ^l^C-l j>y A**)) 

f. .C-c^l t£\j ij y» 4a-£»I t L^pI^> . «_\i <-Xj !o,/ a^^ jl y* I 

i£yj* 1 ol-/<^ A-j\j ^La.^ y uXII ^ m j D-’-* /< J***‘ ) Aj tXO^ j+» 4«^ljJ^ ^Lo yb^j\ 

JZa ^tXka^-j . laJa3 ^1 ^>- O^-* 0 ^ ,t-Xi 1413^ o\ y J^a y\ y 

Uj I jfy* L$-)y jrl j«°l AJISJ ^ 4 a la La ^^iaj 

y^ ^y»3jj ^*dLw*<o ^-»j ^ 1 * t_Aj ^1 ^fc.oS^ a5"lX> yjZ+jA ^y 1 uX i >S** 

Jyl}O0K.> j\ 2 aA^Is ^-J^A-o AJ J^j O aa> ,iAi^^ 

t iJjA? Ij <J^-?ryf 0 ^ 5 " ^ uXli^J y^\i Lo 

jU>- 4,5 **..*-^1 {£jyjA I ^<3JJ lXJmO^j\j jL^.> II^^j .JjJbuXj ^ja+£z£*i 

. s^w-l (_5jWo" 

{J* 1 j) y j+A 4—> 0,5^5*^3^>ci I I ^>5 £y^ a5" 

^l» jUa$ .(AlS^J^^lsicA c\j)^I-wO I O—-o ^*^9 b£ 

s^Iac^ Iaj^!j I LwoLo(_^j-*«j (iluw v— az\-a*j j 5 jLp>^Jy>'\\M&jt l^j 

^*J y*M / j 45 *CIa^aJ I *Ja*mW^ J ^Ay^J^ N £ £ ♦ ^IC-Lfc* luw) . w w I £jy*& j*** 

J.1T JJoiJ ! Jo 1 j^a> IuXjjoo 0^1 4__»bJo JIj O y° ^lj<«l (AaIjsIw 



bJ jt JuuXO 1 Oi'f* alS ")j c>y* ^1 y 

L»jl iy j ji-) ^ u* ^ jj jjl 

yi3 *£y _/> ^- c 0^-*_^*" &^> m iy JLju* ; fLJl> 

4^ ^-J IlX^aLo ,iA^S^^fr^»3 ) y J y j^ l^ol lXj Ij^2*<o *£'c~~ I JLL* ;jJi)T 

^l ao I ^ I <_)j \jL&Jdyo yl 4^*>—^jI jlj _) JiXtb I Jjdo 

4ujl? yfcjj 

. uX)Lo-j ^-o olj ji* 4-jl» 4,—(^^UaS 

\jjy I j^A«° 45b«£Aj jIa (^L^ic^*a< jlx-* ^jj4 4S"ou-mI 

<—Ij d^llrf-u ^i*A 4^T0***>b ^UsSLO I *.^<11 4jJI O^IuXjI 

^)Lo^ialj 5 jZ+j.* ji JJD 4j>-^A I , £s>l^-ol (^)uX-ii Loj 

'*-*£j+» <—^>1 ^l£ j*j\i <5 4^JL**.*j| I ^**jj 4-o^V • L -^— 

0 < -^ , '|*®O*3 4jo^^bo (^1^ Jub ^jVl> 3jl<Aj Oj-^T-^ .»-Xl5^v»-*fll^o 

<3-JO jl*—> {C, o^l Ju I ^j-oliAj 0.**0 ^l^°i 

(S y J \& ylA^ iAaa^Li^*.^ ^ ^a^e-i«o J (_£bfc $* J* ^.o ItAj-o 

J e>J It4j I C-3tA» Ij b^j I C<**3j-o ^jl^LwC 4 S"iAJL^ j~ o jiio 

^-s-ju C-^Jo tAj j-jd«-o| J J (_^ljb y jt (^l>- Js^l jZ*J2 *S\j wfAj .plr lajJ a j- 

^ jja ii ^A jjL-ii> ^-j 1 j.z-^0 ^j_^dL l^>.) o*c^-**j jp^ji 6jlXi-- ^I .>5^5^ 

. olX^IjLo (J I C^*$y* 

\-){£j +^1 &SyA (\)^^-k9^Llj \jB ^>c*-o \ A^»A 

jH ..,u>J I JJ 45^JJ^^(_>U^I I^J 0 jll^J L$\j> {j ^»elo . JuS"^i-oC 

L^La^- Ij j:ijtf» 45"jjjI J>\ ojh^ %A . JciL 4I^b ^9^yuA jlS" 

*wft.Ja ,i-Xj^j-<J 4 —j Lio ^^JuX»*A jl5"oi-Jab \y I fj**** ^ 

. doj\j$ ^fJ*> j\.^S'\_jJd 4S"^b ji (_£j^Ja Ji^JdJdo^ j\S5 o^ll^w 

jSU*jto I Jd ^ 'uX»^l*5 C£^" J ^ bjlaz*" >*Jl+ 1 ? Jd 


\ — Fizeau 



jla»-J^L • oLl***jI y^ o> j l, £^*^y\ ^I 3 y* y ojLl*<w I 

U JL> U3 I OJj* <j3>Ju* £b jlTlil jL‘ Jtf»^la>- (jl*Jb J I oiJ* OJJuJuA ciLjL' 
i^JJuXJb (iL j\j leyia^ A^L cSJ>- (Jl>- J3 La C-a>.*w ojll^ I ^3 .Jjj A£>lj:> 

^A*wJJ)La y^S- AjLuhAl ^ 1 3 3^ Jjbl y> \ZJ^J>" U- jbi? C*A**i 

^L<u JO .iX^uX^I^^^JjL^Ia cjLkl? J-oj3 blj J O.a-m- 9 »*_S^la> L)AJ<AJb liL jLis?tX£,L 
\a**»y iS"i\£* lXa)^2^La <^l y ^jlj-hA aJ^^o.) j \^*LJ bLi jL’ £jJl>* 

j>" ^jIaLj *_9^laj j> uXi 1(3^5 ^JJJA,Jb bLjlj \pyieSO‘ ^ ifT^j!jI~o (3 I 

, 33 .»Aii Aj o^> L>® jb^^S**>i 4,< n< 1 <3 II-X> 3 j &^sL 

.ajS^^^a osLmjP ^_1? ^liO^L.S* r* ♦ J» 33 Jy ^li5">L5 ^Jb> 

^I^a| j^^^bw® J^—j CUt*—£«3j ^L*j ykJ^ jl^Jk No* j-*w I 

^>1 y Lj ,AJj..£^ bjbcA J3 djll-uw ji>- 33 3 J.-OJUO C-^bwa JO 0 ^ 3y 

jI^TTjI ^1 y>! ^Iju w 0-^1 0 iA^)^>- ^J-° 1 ^ J.3 <-^-j J y J.A ^ Jy 4^L£>J tfij 

U ^£j>e> c£XJj <^>jL> 0^T>- 3 A**aJ AJ&l^r^jl^Jb'VL 4 j yjf>Si L. X / 0 JA 

. lXwL a iO l\j I 

^iS"*I5 . Aj j).£. i a oiA aJiS "I li cfJj_^L* \& ^ls£^ (^Ia jb- ijLkjg^^ )Jxj 

l— aj aS^(^^Lj C-t0 ^ L I^Ll> uX-i»L ^i£»!jj i^kJ} jy*j^Jy y^ (_£)ob*w 

. J)JlA>I y>- ^y^iCj A_<^j ^ *-. n clL 

^JpoAj^ju . Ju^Lmw^J Ajb^titX» La) 

^L w< ^jL_iA^ I i5J^-a (jj JtXJfc ^X-O Jg^ia>- L A-k-jlio L c O-^-^ 1 -^ 0 ^ °Lw*^ Js»jia^>* 

. iA^ ^ J^j) la.^ AA^OJO NAAA JbwJA . y^>\j 

4jJLU-a 3 Oy ^I 

l-jp I jl . Aj loo^{*^I aaIj ojbj-u (3U! y& 'w*£ 3 . uW^-ja 

3 tXl>* (_jl A-JIj — Aj j^,*.^a JJO La j\ J^*)3 ^* aL9IJ ^ AJj L*a La 

. aii^wwa osL-a ^L? yAy^ 1/buX^s (^I^aI? 

SCJL ^ Ij oAb*^ 0-5 "*j^y33 L aaJ I 



, 3yJL*»)3* Lj til, Jj; l»i *»■ b aSOX^ i^»» 

J>\ friz I J 33* jL—, li^jijljj Jj>) £f.j (0^-1 . f y 

i£»* <objl J JiA»j\iJy» 1U ciUC 

j j jL» jl (_/^ljLob o1»j j y > ~3^ 4-jbjj ji» y^~ jj.>- c. jt ! 

0\£ j\ia* j»l a>- o_j-*3jjc-;bo ^>tj 

0^ S^jbL- j>33* . iAj j ) . * ..< JJJ Ujl (_£^j' jLj L <-X»^b _/ 

'a^C’ JAA* l ^ l JaA d-l'K * > j£< Caa£.~C>* j* \ 

t ^ . I 

bjl j\j $ I jA j>- fLoj xS** o ««■ > * , uX^L iSj+>, 

. ttjfoij'P I y s jo *jji 0LusL-« x>- j» lo . 

Otj— jl OaS»« <Aj .^taxlLuJi ojll— iAUL&J-J &,C>y+frkA ^>1 

3 <AjIxIs\j o j>ti I $ jlS^l (^lo^ol {J y>■ lXo^^-j lXjI— . \3j 

. <-\J 3y^ J** 1 ^ ^ iAJj IcOw IkXJ uX»j!i-Xi jk* 

JJ &S3^Jya> 0—1 *3$IV ^3 0—1 l«— ^3»e— aJI 

l^lj— 4-5^ ju ^L ju\— <0—1 xS*" {Jj+\>a ^^*Li 

iAJJ I^oxS'"<_0\«*j ^S"«Aj J ^flj 1^0 O^j l^-*^ - 0 1 {£33 3 <-Xl—\j XI— 1.5 (j^*-^ uXjl* 

I ^.aO^ I J a .-a, iACj ^l^J •UV^jl 

^L^-yw ^ KZa^^ jJ (_£cX*jLo CIaC^aaa 3 j£.*A* 4£^Q,9fiA* 

I J 1 ja J li M ^Zaa>j\ ^ j? . . * ■>'^ J ^IlXjU 4^J ^>- JlXmO I I . ^1*^*1 

k—L o-j I tX»,C ifl . ^j^Ltvuii 

« ,*il«jh-j| J_p- (^b-^biV (iUaSJJ La A^Jb-JJ Ju 
—OLaJ lAjLi. f *jJj L« j^>- f\oS 3 cS ^>- Jl>-jj Laj! tfL ^ItxS^ 

. cJ^ j>- JL>j j 


\—V M- Slipher T-E P- Hubble f- M L- Humason 



... 







3 L^JJ' Ol_y" ( _ s *a*j J 

a 5CL . ^ o^y- l5^*3U 4j <_jL^ic-I 

tf l^_s ® jl AjIj c?^ 

JA oj*>- olS"I«A *a y^ja . ^jS^olAl**) 

^jl# 0^>O WJ VL ^ 

i_l^-L?._\j 4 ^Lj I . 3 

\\** C**«l J 3 ^ d «Al5> Ij«3 ! 3 Ju—*>a j^Ju o 


|P. 

$fe • mmm^'rM 
W :^4 . 

>V< .,5 *1 

. * o , 1 0- . ,*~ _ 

i pjff 1 :^ i "iwFAA 

''7.'/%C (ft |//,‘.Om .: y ■^$. 


. Ijl^b 3ji' 3y Jt-Vj La tfi\3 (3^ I I 

c^u/ 5 A^Ji iS* ^..o Lo (_£ J^1j3 £)yli) ^iL j»ela> JJ jL ^ I lAjLi 

IJJjJal* ^j| ^ji IS (\) ^Iflo ■ ^..JuLa (_$! y I yj 4l*i 

*^LaL^ $ Cum! Is y> !, 3 /^>otr ^1^. ^ ., ^ ^i**La 3y 

dLSl-; Jjb ojLsT £b^*Lb £33 »y>- lM-“ I jj-fL 3 y^3 VL 0>'^ L 

jLw—jjljjl _i 3^^~3>J^->3 «_aJs> JjlUjjj ^ J'* ' a 

jl tdLy> Ojl ^-'-°Lj ^b*-*" La ^jiLwu I (_jl y C**"! ^jSCbjb 4 S” 
j*y yj j jiao bIjjU J~S jl y. js. ijl^j oj! y> ^ . dsj* oj!a;l b 

t^bb Jja L 3 Jja 4^Jwm**» 1 C-w<l v-^Jcju’ vil^C-L 4 ^ej I 3j*y> 1 3 

j\ t^S O-^Jb 4_iaib dl^_j 4.Jl^jb cj2-b]j? . iA IT ...., ) ^jL . w& Oj!^—^ 4 >* J3 


\- Wilhelm Wien 












4i*)l p&c ij jlT4b 

j <i U—j jj> ^ *-Jj| *^>- ^ —A* <J£-- 

( c—I .a.- <c-i|j^ ; 



tJ** o41 o? 43 * J >->* ar^Ti* jir 

il»-_^< j j>i—• 33 j ^* at— 1 " I ,yj -A ^ 

J... U jc^«<* ) • ** *^* WiI I ^^***^331 <£j^- 




c{^ CfC\?' cf | **r* ( f ^ f ry r r^ f C ef *\C •») fl 1 c*^**’ / " \ V \ ^ '\*r— , *" > ^ /"* '•T'T ' f | y n«T 





gXcL ai* I j\ jy &jh jI 4^y ^Jl>“ , C***l A** 

® I 5 ® \^*+) ji uXj llC*^ cSj> I txsA* y£b 

^5^I^jIaIjl^ ^b^laAj iii^SC) ^)l i i^) I jj ^S^»J jZ\Jtz S 

* 

, i^<>j ( j-**j’ c—U^L -lji 

49 L 1 A) . oiejliol^^A I i_jS-'tS^ 0 -)^Cjj\y^iSj^ _/l Jjp(J^j>)j\ 

^j)l . 09^^o^luXj) ^I^Oo ji ^jjO U ^*" * M ‘‘ > L°(_|0 0*0 J.2 ^S"!jriflA^ljO ^L »^ 
* ^Ij * 1 09 ^’oj\oj\ Ij l—j ODjL ^p^yu* |_)1 >-JJ »«*■ > ■ aS'Ouwj 

(_£^^ojliAjl(_£ljj4i»*i*J ^jjljl l la u -Jg . O^5”i_jL*>-J*i IJAI^-IiaS^Ai I Ojl 

_} ■ V O Jk_jl^—Isl (_$bb 4 L 1 O ^g-*j 1 Jj» jS*> 0 ^ ^c-OLo/ 4^*1 lib dJjO 

," J 9 £j_|l^ > " OO !_y ^Oj «Ajt*> I^) . O oaLL o I 

. Ju Lj IjJtOj_p->l »i 

^cLuj COl^^" 4>-JJ 

Lj (^LblS^ 


OAfjjli 4^-J3jl^A T” ♦ 

* jljlb'f » 

« jl^U 

« « \. 

* « T, 


q- 

IjlbJJJu I cSLj 



cl*a 9 

T«=s*3^ S *£&9j 


\JUpI 0-9j^> ia-^ , j_j^>' j_j~' jl y j i 

■^<L» ^y**3J lj p>-X*** cO^j -9 L ^ J ^ (_5^ 
j-,** ^ £j.^ (J.*^ 31 c£->b*w 
o ^ S Z ll» b^L lr £ 1 Ilx^jlo 
^■b jlS^AJ ^ 5 - 

. JdiLjs j>_^ *yU^A^lL a;l4i^ljjfjlio Ai j 


Hil 




^Ul^U- J\j> Juij> Jui- JI- 

yto&ai J ^ I ^S**^-o!uXa<& .vlU^w) olX^^JjwLij OuX.1.m.J>*^J 

.^.^llwo^o jS l^j I 3^1® *5*t»iA^a O-^uXj ^L** Jjb c *^ ^ 0~*5-) J j.>-Jjj 

jrl^-al ^j^jl>* I Jjj .t ** 6 'r'i'j* J —^ J? ^SZo {jkffsjij 

jl ya&v dS^.‘>J j “^" )U j&JS 0 1 jrl^-d ^It-Xju 4 j C--—j 4.5 "*Jl11^L-o ,}U»u I ^1 *jca 

3^ -^ yO ^*bcj |L® iJ^»3 ^ f _/^ j**JL) $ j^IcXaJ I , u\^JfeuX*>a 0^* y?*** 

4 ^^bo I I^j ( - ^'-xs>-Ij j*+> ^jt 1 ,vj^«l I j\ ^**1 

jUl^j jlj b bb*do ^bl j *^**j 4j>» j&> .^j jb 0 ^ jl 

I Ji I j.Aa (f\j JaidLa b £ \X«*J J cdii jl 4 .S^u\-2j J^> OiA-JijLoJb ( \ ) 

4^"'oaS^^ ^s>c.*b>-4j b b Jb- i JO . ^.j IuX^a 

. pJ<Xl^b J ^uaa^J ^Jb- L^-jJ 4.>b i-Xl>" iai3 

4^j^^. ialLo,A tJul-oj 2Jji ^lfl-*.s^ ^cIsaw iAaa*<^^ 3> jljj! 4^Z,x»l5ZA.fb 


(\) Adi^on 






xl*ol$ uX*jl^il c j*A IL» 5Jy>-j ^j jl Xjbli o 'y 

to -m<»^ bj uXaXIj 4Jj I iXljLa ^yi/a^^la-<-u ^ I I , 

^fllal .0«wJj*B j^y** ©uXJjjJ* Jjj iXXb ^J-auXjlj^o X$Cj,^j^^I 

jy tXji»L) XULb jJ j* J l S^f^b^ 1 * 1 J Jxilj ^Juj^p ^j>" °XJO 

OtX^ 0 I 1 _JlX^»- lXj l ;^—A (j L \^jjy fbj J^.*J a Qj ^AJ I .XJ J^L^jhj ji I jl 

{*_?luXa xS^jX>-^Za 09.5'^S'l^b O^IO-^JX (_£<lX^\j XIaS*.O.*-*! 

^U^lj ^Ja*w (^)LoA ^£^\ j>- ©X JX xS"*.5 J. O .& Ofb ji \£Jj> 1 

& xjjb xlx^ls ^ j\ jxJii I xjOI ^I^js! ^b xjo jA*a j^plsJo °b*** 

Olj—® xSoy> ojlI . tXi-w*j II >x> Ijj b^O'^ - 

I jS' 1 .iA^a^Lj® kJ~^ ^ J* ^ *° - /^^° t_jba£<l ^ tXlAX.i^o jl^9 ^oli O^^b 

.lXj ^iClajI y>-^>-y^\ 

Ojl^ ^lj-*l c^-’J (^XJj p**J£ JX ^jIlX^o^J ^ 

b b_* J^JLsyi^ J jJb oV 1 1 Ij j gO* U^xC; y>- jjjb <_£l>- y>y pIjjU jx 

, Xiyk^kjO ^ 


(_£lwlj ^yJ3j>\ js s^ji c£b x;b JjjU IJc 5 jjjI 




^l^>" oX^X U ^ : » Jjl obi .cXOm^A^b cA'°^ (Sj~* 3 (^b>JJJ JJC-5 »c^m 

<o!lXj O-^X jl Ij $y>- i£J^3 tX^L^® ^jLljljb \ m ju^> ®^j 

p*J I ^uxuL^b ^3 Jk.\j obi x^^j^ ^U-^ 0^(j3^1 

lXISCI^JxL^ xSC-J>-IJ> a| .Xj.^L*jo (^^SCo l$3j.»I J^b? 

x5"uX-Olj ^ ^-a I X> ^uVjb IaSCL ctAljbLa ^0,5»ej xS^X^Liilj dlo^I JtXAi I 


U ^-a JLA>- J\^M I VN-M t<-W W uo ^W.7 

0-^1 b«J^ .^-jljj»CA-a bjiS I XsjgJJJX .xb J^(3^ ^ b>^ 

^<wj| - /*^ J tXj.A*^ C_^-J^ lXaAoi^I jkA X5^^\j x5" 

l;X> Qw^>1j> ©Li-ui 



^ y>tb y>~ jl^j! . ^*1 j+* l)^-* I 

Cjj\ ^^Jul> ^Ij-oL ^) I (J?Jy IJ 0 I otX£< ^*>-^1^ flial ojLj i «Aj 

C^s>w JiAll^w^ft (_£jlj.3^:>- flii (_£^-jIj .Ju jJL^» <Jji-A*j 

tS" A>-^-**-^^tr-^J L-Aj ^cXjjj I ^)L*L>*!^<al J) ‘Aj^.^.aA ^M^toilLhA ^|^J I ^*^> ) ^ i^.^L 
^L*^l tXJ^^ja La ©Jul^S>- Jjj fLj 

4^jj^>-^J < j 2. g . * .> oAjLijj !j >■ L) I 'Jo** 4^IJ {^^~*•) .^*^~° ^ Llo 

O j ^ A i ^JL) C_Sv~; ^ i^jA?" 3J 

,A; l** ^moLo^^^o ^ Ijl^w 4 $C*j l^i Lj 

ntjaAlp-b© (_^I^.^jJ *J>l^w a .,)l ^ o « j .AjJL—-j Vb jJLwOA ^S^jLm-A _^ ^cla»j 4 .<>.,& 

jJj I jZ-jOLSAS a5^lA1Z-^^A--« \^\£y+j O jLlZa £"l^al 

AjLAa^o yoi>e.t O-^LojI aS"*iAJj O^-wl 0,/i ^1.^0 .A.llS^4j ^SjcT Ijl^J I 

©«dL& L) I J 4-Jli .Ca**>) ^jli-j Olil5*&a 4>L* Jj.:> ^ j? (^L_^ 

OJ^» ^Jj.^*ja «3 j-£> ojl Jy 4^^l$Cl®& .Ju lou\~w ^y j \^>* £-|y>l j^jjtAo OkXjm 

.IwA^ldlA^ (AaJ * 

Jy *L ^*a*j )^pL & C-w>»l(_£AJjLa jLi jjLa jA~+*>\ 

uAH-j 4^ (^IAjdA^ 4^1j I ^JlXj O^-/-* I L)Lk-ajl Jsli J {j\f^-* J ^Ij-A .<Aj^ » ^ m >d ^y 1 
*y i JJJJ uXj jb fb J^5vj4^^! (^Uo J^S^Co J>j| .Jjj^l<a J y± 
. CA—^1 L^I ^ 1 dL ^ (jjjiX+tb I ^jb* - u ^ ^?L>t» J^SCJ y* dL . jj jI«d c^Aij) 

. Jj.^^U ^^^L>bjL (Al^-^^ j^-j ^ oJ3A_j (^loj*^ jl l^o5j^ I o«A-i ^I^.aI 

^laj j.^j 4 y>- Cw-I ( j-i I 1 y~*A Oi) j 1 . ^ 

^Urjl'01 jl jjjj } oU-TjL^Ij.j jj> jljft ^Ui- I ^ ,_r*-b 

aS* 3 j) ■ *, ^IaA £L)J ^ ,Cuul OiX^ jiOjtJ (J^L^w I ^iXft! 

lj\^Sjj)<SJ-S' j\y bl c^Vl L$l C—I^LiaS^o I J jLc lijalej) Oljl^.* 

.(A* l*A j ‘ of ^1 |^w^O I ^ * jJ I^L JjL t wJ Uti*9l^ 



;Lf jl t^*A ; V;l c ,bljil *->)J- Ju-i-jja- 

\\*ij+»jLi*i J*^ ^ tf ^b ! Jiy> I ^l^»ljl bbi»- ^~i y* ^ji Ijj 

(Jjjl C..£j y£ (jy>- 

I ,_5U jlj*SV;b VLjj U^ csVIjj >a£ 11j-#> 

^ybj cflj-A O a 5" a ^‘ ^yb^/Usb ^19£\?l cVljl^T ^o.j O^Li> 

jA I .lAlfciAjbj ^ I y>\JJ L&bAtf O^Wblai aS^ 

jU^ ^J^jb-wij tA-'Cb' (_£^LLs9 aL~^ b ^■wa^b^LX*3iAjJ> ^-5L~c ^_J ] y~.ei 

ojb yfcjjJJ j£s .2 _J-o-o J>~r*j ^LfcL-J y* Jij Vb jjlj CiLwo 
. c.*-l Ai£-b Jjbj> Clljl j y>-j\ AaJal* J_jl bU^I <s\Ji I (^) 

i" ilbjj )L lXJjI^Z) <£ 0^1 y*&&tA AJmAm*9 {£j>J ^tz> t_b* * a aS"*^ J t ^ u 

oUc^a_; a5”j.^ jjtl_p- a~ju' ^yUjIjjl UA^oi jjJjj .oJij’Vlj j jb~j 

Ab*uJu\j j.im flbo 2yz*z>3y2*-L\)_)J{£, 

.iAi J.3 b»e!<—^fb Aj^*j Lfcjljjl ^jjl .lXjO ^-*a ji ^jtJ *Jj ^y»b^J 
Jua)^>A^9u J oiA£> oJ^j Lfcjljj IVAj i jS 

>* j 

a iAw^ I CuahAi (£JUL** cA^^AJ^) ^jjIj «? 

(_5j-*j m I tibj (jl-ou^ 14^LoU>tj I Lo ^>* jl ^jls* aS\il*mJ Ij> ^s>* ^L* 

« S^Awli) jpUl (A' 5 ' A>b" I^B>jjb 

^1i_\ju A^-ubj^J (^* JU d^Jij Cw^i> b^aT 2 A * -■'*' 

Aj oJ^j A *i AAj J^*C A jb ^4 -mjLm<JJ ^ ^ ■ *< 

lj XjOji V*0 ♦ ♦ ♦ dybi A. * .. b ^5*1 .iAJJ^Ljo J»»li 

j!a*oLm ^^0 0*^1 dljj jaj* yS. *o <AjjkJ 


<3i 




r 


JuJkJ J_^C 


(>) Dr- Robert H. Goddard 












Lo ^ lXJ*A.*,a k ^ (n) € VjJ»- hjW^j 
a!***^ A_S^y I (_£U& A^J (^U>w II 

^)l-0-t-« I 1_J^ l -L 

j Cj li *—I 
CA-^* 5 **-^ ^jl ^ ewu aS^^jUlXjJ> 

. t-xj !oJl*^ ^J**^*** ^l50lz*ol 

bo dij jLr^^dlj 

J£) ^*i>“ ^_j I A***0 ^3.^ • | -^**^ia.A> (^ I oiXlJL ^ .^.3 J) lXJj Lo ^j* ^1 (j£)a***o 

A-O-ft l ft ^_>l?E^> . SjJL * O ^Jllla -A iS~^^ ^ ^ t-k^^ 5^ <—> f^— “*1» 

L$^loJj^jl { Jf> m \ J^if**** ^ COU? ^y\ li t JjJjJal>l 

aS^<_j I „^L>iy I AJ ^J $ tXL**b—fc«a j»' I J J Lfc^) ^ 5>,: ‘‘ /, ' (v \ J) Y ♦ <A5 yJdjsA 

«)^> y 0-?^-^301 l?'^1 a53j tX^L-^o I* ^>- jj) 

LX*w. tXj LoJLwO^^j s^aa+S' AjL**^>jfc 3 c\1 ^ . > -JuXa A 

^1!!TjIjm*,^I^j I o^-ji>-jj ^Jj j-ICu lyl^j I a5T 

^Y 'f ^ j A+A Aj ^ lXajLo-^-oO 0.2^S*" 

31 

uxj.^-0^j a5"I^j I, iAj ^ ® 


^<aju ^ uVl^ojJ Loj Ol*& ^lc j\ Nebula Lft ^ 


0) Nebula 



yfOy* 1 bii'*i* dlo^i 

, ^_i jJZ*»a I<A_aj i^jlj^i? jl A_b CillUfl i^bfc _^jl A..^ t A - l - .»A 

.*} 4lsb-l AS"jjb fb (\) ^ibo** (_£(Y O Y^ ,JS*-d) 

Ob*.** I jj b)^j j.?l ^be.^ ( V^-J YY" (J^-^) • ^>ol£l£< (*b Oy ■O.jl 

jljl b (^j-jjlb - J 413C**0 J.5 (_£«j I <AJjL* 

. v—1 <ob~J *Z b ^Y) 0-^^b_-j jl 

Sirius ij“y , .j*~‘ aS^C***! oll*~J 'jJjyJL.B (_Jjl^li c:^—^ c$b ^Lj JJ 

oiA>o I aS"*^ jJai I ^ibjj Ooj bio aSC.*,* lS^_Z-ft> ( vi ) jjb ^b 

^ybo.»« bJ ^ _yJ A_S” O—jliA^oj jIiAaA Oi^^—■* (_£lA > bjb«j* I jj ^\Ja3 

. jjb 

ObibjJ jl^jl Op*J a_SC; 

> L« jj . jjb ^^yy jl^_;l iy>- sJu 1» jj Oyjy I. jb jI j yy\o*A olS^Ai^ 

. C—I (l) « db jb ^Jb- * a!*> j\ &Sj\ j 5 jb” (JjLft^jl OjOjI (_j*b >t*» 

• (Yo J^.) 

2 * 1 »«yy t (_$LjJLujeiX61 jjjIj^A bi^V c^basjj I 

^CAjj bo£j£)bI I a5”lXj J ^Jbl^b* yi aS'^jIS^ lai b ^ ■■■ i S' j£~*» dbjlT 

L?b^ j I .iAI^TajoJJ._ j _Sb Aj louX-i £j|j 1_>jlaj I JJ a 5^0b^jbl»jjb c*<**l 
iAj_^jli_jllS ! Jjj^> j*aJ3 bftI ^ I jy I ^jls^is^b^JJJJJ . Ju JJ.»TJ tXli 
I jl 1 oj^r lAj ^sb t_jbs I j bo ( ^-> j _^^l 'A.i y *“i b ooy.yj^yyy ^y^yj 

(Yo J^d) . iAi*« j*a Jiai> * dlob‘ ^*b>- * 0y%" °b-— 
OlS'jl^-jbo aTjjjIj ,^,1 ^Ijl^jbj jljuyiy^lb. 

‘ ^.jU^ob^l Uj.1 ^il ojbjj ( y\ j> YAj> YYj Y1 Jbbdl) jj y~* Jjb- 

O^bw^ ^L? (_$14.-.jb ^tbjy , yy o^boll^^d a5**^ajI hXuo J cl&3 

(\) Orion (X) Taurus (r) Unicorn wb ts 51 -:: «il. <;l-.i| 1 

(i) Dark Bay 1 



J y>* I , ^ JiAt ji \ *j) I jlaS^.) j\ 

5y+* £-jl>- 4-5^tX*-ILS - tXlt>ljj>' (J yh LlfcoJ) L^jb»** ^ 

. 4-jl> JJ ) jZ.a N Ajl sZ^Cj+h 

4*>*>1 y>zLm$ 4._5^iAI^jIj j L^r!jl o-^Lx c£b»1 iA^L** 

AliLa J * DtX jlj *_5^lai I J <„3jlal)L 41$ j\j& L 3 

^1 L*j>l jJ L5 —Ju I ^ JJ> ^1 o Jj*u oJj^ iS^i L$\-*JJJJ* cSjUc 

,*9 ^*+*332 vJ 1 4pe*-o i A .».«.**• j A+ ^ \»3 3 j** *• <** 3 <_*A>“ I^i 

^ . Jujb^* OjJ \j OLo— I ^ 'j$ 3y>J3 \jj\y\ 

3jju* \j ob jSj~> (S^ jCl* j ^;l &> m j\s csU Ji 1 Oi 1 
(£333j\ 1*3 * > b^ (jLj^l l> ^L^sTa*** (_x^b». iXuolj 

(_$l* Jo-b 3 L^J^j .9 L^j 3 ^SC-JI «D^>- olji jl aS^iAIi^Ij 

tSjL— fl.dtfjb i^jw-O O^V^- 5 fj>c$3/l 

.9 ^9 3 I .9 ^1 0-9 A 1^-*^ (jy ^1 ® . 

oiX^Jjb- j^jj j j >^9 (33 I Ot? .x** (3y3y t 

A_>1> 4lJI . iXJ* l\1A>Ij£»cj L* ^>-1 J-A l 4J l^-w« ^J^bijl ^7jU »Zi Ij 03j3^ ()3 ^I^JIj 

k^3 ^La. iXjIplXO^S^*-X^ 5>cxa^9 PtX*w ^j** L L 4^"^.^mL> vJ^l^a 

®. Ajob) ^L«^ ^Lo-u« I ^<5 J)^^ - l^I—a CL)Jy*&+> I j?«9 

I p^-j I JDJJDcXob (^Lfc^j 1 ^jj! 4^1^l^wLft 

4^"Ju )^->^ JJlXaj I \Z*fiJi^J23 C-*-*w! oiAaaj ^ Ljj I . (Y\ (Aaa^ jia-j (^jL 

. lXjLo^o I Jjljuj.3 

<» 

(jy£ I A^T ^ ^ i4^Jjj>-^pLo La I 

J c\jL^i . uX^L-^a ^\^S’(^\^^) 1 ^jI^I.^^ ol ^iAa I La <4a^.ix<.a 

01 jl L“ jjlC J^U/o 3 fJ puj * j*! wb ^L 






j * j \* «iL.^rt^<T ^uU -_,.b^l^'J-Ai 

JL-JJ ^ lia-JJ ^lf jll- |*5^ *^->—' I w-^” ,/* aJ.., *^ <iLjU 

(vi^—l o«a^< ola <; Li.j^a-■AftU \\ \ . 





e Ji» £91 J I 

\ \\ rJUjj ) 0-1 jb_>- oJU ^_ Ao 

^ | <Li _ji ^ j—L Jw**^ ^ ^ *■*■** J JJ J O O-*** J J L 0 *ApL 





Andromeda Iju jjjoT p&c ^jbe-, 

j‘ JL-jI_^a^;,_-^ <T| _ jsLi 

. o-l o^-L* ^-*•-»■ jjL* aJL ^ j jxj o—l lSj> JL. jl_>* £ol; 

^ 1 . Aj 1 dAi l—1 j ^ l*— ^1 j L«^—»j <I^U *-J^J 4J lj All L. ^15*jU— 

«V5li; Ij i U-a^j jj ,j.Cc ) . a, I^'iSjaS" Jjb— Oj»- |»^»; Vs*— 

( 0—1 «A— C—)j J> jf l£L,i 



Canis Venatici ^Aac J* 

■ 0—i4 —Jj 4— »-U> J;4—" ; ,y L-! •ji.j’r ,jil - AY cP'-— 

Oi^! Ij* I O—'I 1 Ojy J *JJJ I JJ Oj_>*a; I j I 

J} AdL *—O^*‘r'l^ J*. ^ -* ■*— 

. 4; > i t * ol;^ £jUu tfjT■u_* jj4_, J-j_X J I jj aT o-|4- 

^^LT^.-O- _, ; |^ i£1*aC) t)Tj|. c|4f_,* 

^iUc- £->j j 3 (£j~~ «4i c-b_^ JU.*j <U»li aT ^*Jj 

L#''^. <;'.i.j-7jjj ^ \ YT.JL.jj ( _ r 5C6j.|) . 4o_,C; .Jjblo* 

(• 0—1 *4— O ^J^O^V— A— 04ijj 



i(L xjiSL.p* jUTjl ^.| ojU. _ a A j£i 

jujU tjL* jj^. l-> at^ tS^* Jj? ■ j£-'•& 

(•^—l .ai v U <U oljl»i jL;j> <, r->—-v Sir James Jeans 




♦awT^ja 

jl tr^oil • jf l‘r JJ U* j ^L*- dL JO 

. w i | ^ W—» JS* ^| j —» j l.v j»>» <5** o-l 

JL- jj e >—*' -*»»J JJ lj (_r^- c ) •—-'I o I 

( . o*l—jlf— O*^ \ \ \ \ 






yr ly**. V.3 jj j-*£ I <C 1 <.U:- ^^-oU 31 —\ • 

0«5>^ L>1^ J-^?- uT*^ -r* - (♦■* I J<* Ue—^l ■ *•** ^ <-^W’^! ^ 

^ \\^ Jl—'J-3 \J^ s ' S ) • '^** - l •^ wr T» r >latIj' 1 ^jUl-Jj^T 




Ji , JUkJJ. ylJjf. jU- £yi,yk j ykJU jlJd*iJ b ^jll 

J ti£jr*‘ Ot*J >J I a 5 jjil 

. 0*")j I jj Jj, ®Jt«j I JJ 

4_S"JJ j .*...o s^eL I^_a JJ (_£J* J J^~; oljJ 4jj^>- I Y \ t _j^i5JJ 

Jj jj<a£ I cJjJ . >AjL> ^La-j j A j$ <*j5^-5 j’lSTlft J- Jy>~3 ^ I I 

Ijjjd-L jj lx; ^OJ OlJjJ 4pcLu«I^J ^^5>CJ ojjjjj ^31 0l^>--? 
(_£jL*£4,S^jl^-il4j jl^j IJ vZX^I ^J 41^-ltAj l^laJ O-SO J ot^.> 

I o JjS"I 

b y^ vHaJ^* 3 4^S^C*J ^JblCbljT. J j.* l^Jb jLx> ^-|l 

C)3y*C) ^ 4jLfcJjl cXjj 1^0 cjIlXo jl^JOj j\^ j) ^iljLd^U I 

iXiLo i3^Jy ^S^OjIuXjlj ^Ijl-L^io! 4i>rjJJ 4_S^(_£jl s»w dCo JJjLo 4^*c.Jo JJ Jo^j y 

yA y k^ jj jjtA>-l» j L ojuS^ I jo ^5" j iaS** ji 

jlsjeAi I 4s»c*U JJ j|^° Jyljl jluXjLo ^jL>sj l^fcjjlj ^Ij^o jl^>oJ dljL-w 

JJJ aS^cXj^j J (_^lojliA>\j olj*^^jil .iXX L*,«JJ o!j*^ {jLj* y3 03 y&* 

jLiC J JtA>*lj* ^l«£*9 I jb jl ^*.j ,l\j yJt**A OiAj IJ ^l^ioL) jlj J 4 J_mI>- 

J J lX^vjJ^>- ojItXiljl £*jU> 0*^^ j-* j^ ^ wwJ yj Cjl-/-* Oi^U b* 

.C-**l 0*-^ J-°j^ -1^ jl y~*t* U1?J iS3Jj> olji ^*1 j-*l <^j3j£3 

(J^by j*y\ iAIJJjJ^S^JJ jAm-a./I 4iJaI^sJJ olj'^^1 4$ljL-w tflj 0«-^-°J^ 

uL^l^s>- iX)*)J.Oa3 ^K—kA ^ ^ iJ«-LwwjJj| ^jlj6 oJ ^ o*AlS"IljiX*-£jJ^> Jjj 

i^OoJ JJ cSjrolr JXo 1^7 4 ^"j y>- JjJij I db>-c^Cj\J^^y \ &5 

{^\^\jy3^y\y fy> 0^-*^T 0^*j I y \ ,lXL*X\j 4I^X)jl^ 

3 w-4^fcW jl■«.-■!■ j ^La^mOJ JJ (3^°-^ ^LwaSjJ ^,) I olj'^ OuXlS^I y J ^ 

\ XjUjJ IC-V I J^ 3* I 31^ .jL^L>Jb| y>- dijj> 


(n) Katami 




• t Ji ( N 0 j*i^ fM A\ X> j I JLSCpJuj 

(jjl^Jb JL<*4**Lj 4$* i\n\£nj£jjJut l ~»^' 1 . c-wJ j) ) j* 

U«5 NAN^J^* J»y jm* jl—1 

/pljlJ*^ ^^^ILiKi^Ai cS)! .x^L w «>L>ij j?cAj 

C->-L^J^ItLo D^S^Xl I J3 ^il^i^jli’ I 0^" ^ A^ 0 

l^JL^o ^jjI ) 3y cilijlj (jy>" (Sj lA^ailj Aj^lilT jyj 

(o<_X£» ^L^l Jj^ytoLfr oLJlr(r) ly-dljj 

iXj l«j^.£.;jo (_$l.#>jl~c t &jKlii ^ ij’J 

^ajLiS^) j olj'^ ^I olx^j ^jL—^ J* y* La 

LibjJ^bl I C)y^ i-xL** .3 jJL^a ^i*»*ijL*« dl* I 

4^>- J ^r^-j $y>J$ \\+Z*Jy>-y ®LoJ) jl C5^** A ‘^' ^-°J)-^-~ 0 ^ I Lo ^^iai ^>1^5*" 

I I 0 I olji Jy U I ? 3y <A*lj^>- j jAj$ tX^Jy^- \j I Ojj tXfcl y>- 

olf- (A^lj <jlol> I ^ ^ y+k* y dl-.>- ^j+ a j ^S"\x&>\j>- oJlIS" |^» jjJi; I 

I j XjJ^jy> yj* ^ fr y* o0^ I ol-o.,^ I ci^i j C)^y (j* I 

4.^5^>- x** ^Islj (_jLi I !u\j oiAiS^I^ 

^jb CjJy^J^ ijl y** j* Lo ouVjS* 1^1^ ^ I C^Lft^j j jL ^£* oO'^ 

uX> L-® ^j^Sw^a U»4^^rjl^>-J J^J jM»ji ^>- (^Lfc^j I J2 1^3J 

.c^l ^Ijttl^ 

6^!oVI> Ijl ^ia*-.j (o) cT*t^ (^)i^I oVjLfc 

j^- aJL^ lXiI^X . I JJ ^ o*AaA*j .0*>j I 

. 0^»l ^i© iAa-S "J^Jy ]a.+»y tX^L Lfr y\ 

A^l^LlbAjllb £jjya> I JjVS- yj O^iL $y dJj*yjJ* ^g...»i?LliLtt (^Llb kJ+*j 


(>) Mon Plee (t) Karakatoa (r) Physics of the air 
by W. J* Humphreus (i) Harlan Stetson (©) Perkins 



^JlrJld ^ ,JJ W***l \X+£*)y> ^>1 j\*\J3 

jo-b ^ -> VAy^JI -U**^ ^ a^I cf^Li ob* j- ; jb aJL.a. 5 o^jb* 

4« * . ^ ^ b^j Aj.»»■■.* oA> I J (J3j*j <Xj*h»J y>- Jy ob*M 3y>j\ a5*<j£J jj I (^bi 

a~.~a ajjU jLc ob^*l (*\X JSbl) a1£Aj 

.aii^^A^o bi*-^ j\ ^j ~)'3 &C 3 J 5 oj\i^ ajaj j\ b 

jk++» AJbiJ) Ij^ (^u y++*ijy>- A_JLfe\j o*wl ^ w * ^-® b>(Jjl 

^Ia1*5^^*o*j I 3 ®^Ia1*s»cj C*Ss* ^-JIAj ^-J*>l^s>c*j&b .jb aJLj,} 

^Joba aS *^ IlX^a AaJI !A***>A A^1j£>- I ^ j\*& 332*^3 jJL+j* tiL ^ if J^-t* 

«^J J ^ I J>Ia£o ^I ^jl ^_j Uj J A-ASCx* *_$b «A-£0^>- jl^j I c (^bb^| 

I \\+J^$jp+*> j\jju I bl* 

A_S^OiA^^fb^j I J_^l 3 _^lj j\^.>- ^yJ*3 A*-£>aS^(J b*> clh AjLi 

33 U 3^* .ajj j ** jLjlj (\) I aAj *333 33 ^)!l\*«^>cj ^naCCth aJ^*oj ^IaS^ 

^ AJjj^1-j» ^bjljL^j . ^J^buO l^^jl ^Jjl ^-^-j ^->-jb> 3JA>* 

A^i^>- ©AAJ (^^j^J^>-A.-b« jl (j^ Cx*5*333 ^y jZ>* I 

. 0**l Lojb ^-.Ja3 (_$l^ ®jl5j (Al! (jy 3 

ix »ij 4-*>*ij ^^1 (£3$yb &S^ C-*—j b y^u>u b ai^iaS* 9 ^S* 9 1 

jb aJU^ c^b_Jb jLcl J ^Jl^b JuLX lAJXI OUUf jl oJlJ^^ 

.A) IJUmX jbui vll-b a5^a-^-Ij (J*j* c5^ ^ I 

Ajbi aS^ I ^ji I ^plof-1 A*^-s O^-*- 1 i aS^ I 

I . O^l^sb C)y m -J3^ ObL^^.S^C^>- J3 °^y »—***** 

(S~*-2ji - /—y jl ^ I a^^jI jb IaJ aJjlIj lfcA«w«s^ ^1 Uib 

(5I jbilo ^-Jb) ^>-jl ^ A *Jj*Jy>3y { jf j*aJ5 l^»Jil*u£ dA^ 

A^I^j2> vIjIa^I ("£ jCa ^)IiAJj^) OJ^ j'^-O Jbw jlj-ft 0 ♦l*' ^>JAIj aS*A^ 


(N) Pleistocene 



dLo.5^La j* Jl>I y> ^ ^ J ^.jjl ^**1 J***^ ^Jr* 

j*JJJ ©<-\—o I oVI^ lJ*^^ £^***^ j ♦•ijl^l^v^-i-o-^! 

, j55 ^)lcxii>- 1 '^-‘^ jp I j>^j*£++> _j 

o j\j \.a IiAj C^J jl ^.j IduX—wj^ ^J^<a9 1 &$£>* 

©_^l£ 6 iA^j j+» & c ^* i jJL^o. 5 j^(Ai>- (_^Ia ^1 

(^Lfc jt\ o j\j J5 j~,* k *\ aJI«*» ybUl lot-X.,© I di^ !^ a *»^ -J l^g^La 

.w^Sd.* 4il*©l jJl» L $ j\^£ 







0> | S yp> dl> «=?!*<** 

•J» <9 » » ♦ * 



I jl a5"^^^_>- (2) I 

JJ _>■ o^sl—»>k»j »Jj—> jl 

Ij Jj_> o^p-VL jjo 4*bl tljjU 

l jl 1^~'m ^H^~‘.^J‘ ^ 

lX.» * » ^ *uNJb)j^.. ,>- (_£l\jiXo £j±Xa 4**j) , * *.qI i 

{jt'j&Liij J&- Ob" 

Ojjlj ^LaliUjI ijb ^yb* 1 

<1* M.O J ^1 duXO (JI^bjIj 4^b I j> J2$3 

®-A03 ASOl^ I Jpu JJ JJJ jl (SJjj <Jb !^~ > . f J* I yjj-^" 

T ♦ JJJO-JJ iTC—l OuX^j jjW5>o ,i3J j),*..^ otAO 1 CjJy&j oJj* I 3jS^i?l£ 

.^jl^ C*ib £->3 ^*<-X£cXO Joa5»c^JJ I oj>~ 'j>- Q j\a 

(Jj^£*o jjLuiJ jWo 3^o-w l^j^JwO 5y Ij^La I ^*^>- 0 ^ I 

^Lo^L^jlj„fc V♦ ♦ (j^l^lj ^jjj 

AJLlljly I { jSLc j-^-O OjLw .^i5\£lA.L> 4JLU lj^)l^.i^ I y}y>" $y 

.JjUj ^ial^l J l^j I oJy*J3 0^2 

j\y+>j ‘CJXIiaS* ^ JlA>II j(£jy^ LplX- I o. m .) IJ <S^***^ 




Oh-ta jxn ^I^Ia ' sJs ^*a!j2»- ^LaI^£> jljl (jy£ I .C-i A 

.jjjS*31 jL* 

i jiS’jl I c£lA ji_\j>- (j^ljl Lf***! ^* 

ly I J oif' (A ♦ .^J /(^Ia <sJU ^ 4^*> J I 

kS fJuJ fjui- dloj: . jojlwil Jls- jj Ufb 0 1 iilf«"l3l <£j\r~i 

0 \jiy>- jljAjl^O SiJ^.> (jy j> J3^> A^IjI (_fl p%* \^3J&Vj\ J^i 

«3^jb jjmuXi (—3| JO I ^b<M ^ l—Xi JO J « }yO*+A ^Jl^b &OJ 

I {J& \\ j£(j (^) I oOy uXj^bcAi 1 ^jIj j^JO 

jUS" \jj\j Oo jLc fLr f>V~{ lSjL^ f^>- aC^I 31JJ 

<-Xj I CjJ y >cj 4moIj JO S^jljJb r* ♦ C-Cj-*b ^©1 Jy Oy>> ^Jo'j+> t °OJ 

<-Xi>» (^Ia I 25 J ^1 (^1 J ^y ^jVjlU ^b-*o l—* i_A*fe \~J0 ^lj J J&J 

^J*\j*+h I y\y^" J^ ^->0 ij^~* ^ O^+yJ (\) JJy_3 OVo^^J' AaI^! J^U 

. Vm^W 1 I ^ ^t^C 1 

— cy J-MO (ANJSw^) C***l ^*5" ^ ®*-*-*bl* v-^^b 

jdU-j^c^jl iS <^>-y>^ 3y>- Oy^r ®_/J?- J_pA; cTC*“ ■^'J^ 

JO a 5TC^'L^.juX-a Ij tj-^l ^ii .05Jo y&>^ j*** OyL+*>y 

Cfoy(j^j\t jS.j\ dj 0 J*sT ^ OyL+A J**jO 1 AjJI .c\j|oJ> ^ i g*.S^ 

ia_> ojj^ .uX-i j yo \j?*J •*y* jJaSjoj 

0 ^ L$l jf a5""i-Xj.^ jJ+Ji Jj> J^<-X> { y^J ^ 0y I C-lt .<JjO jJy I ^1^1 

l$3jj j ojb fb o3j o ja ^ dX^AA J) IlXj b i. M j obj>^» 

y*>- Ajila^^ JO (£J^-iO oy m ^>" jl ^ j ~+**\a ^J>~ 

JJ l^J j£l\j lf*i’1 ^.k-il Ja\ JO . Oy 6tX^ £ rh***A °jij^ 

jb-*j (^L^tXo . uVj^^j &OJJ 1 JO ^>Ul£j £oJj*a> I y I *0JJ I jljL5 


0) Virgo 



ix»Lj L jjj _ _5*^ojl fI aSCoj^-jL _ (j I j! u\ 

a S*^1 ^1 ^ ajlJI . jo^C.> °j* y^" 0 1 jjjS^ o^*jljjlr <jko.jzSl}j\p 

.O^luXj ^y^AA ^li-Xl>- C-5J 3yj Jyj y j\y-» 
A^e*Ij ^y*a^ L-® (*^> t $J>L+a C-3A^Oj>-jb 

^jLo-i^ 1 g dlj lXj J jl a!>-^.o Ajl O^wIj aS~4 Zj^2 ^>-\j ,^y> j*aa 

jtt cr^° 4 ( ArjC.) ci £^*\j ^jSlc ^ j"i cr^ c 

AI>-L*A*,*J^.3 II /£- ia3 ‘ Jsa>-^ I J uXO^^tC 

olXaaaiJ^j^O j(L *~oj Ujlj aS^C*.**!^^-*-® Lj I .vXO ^ y+sj* l£jIa~« 

j> j-jCs I o <i j*z> C-C-^cu jj I o j~j*r 0 ^ ^5^c***l L I ^ij 

guX^j £^>* ^ ^ ^JcXj l^J I J AJ&O ^jU»e> I J5y>- glXJX ^*a-o i£lf*j|< 

o*^,*-* 0Jij>* <-2^^ f^>- ^jyoyA ^1 ijj^^JJ 

^ <3 1 J) (\ J^*****) & y ^>1 (■<^> jC*i 

^-i-o y\.^" jlj* r * * { m T " ^'J*** j* ^ I '*- 0 ^ 1^** ^ ~) iJC*(jl jl J*ft 

o^m) o-^oaI j,J->^ jl—*> Ijb ^.Lwoj L«ft jlAc- .lX a ^j o ji ^>- ^L 0-wl A-jUj^ 

.i-XlS" C-5^ uXjl^j^ftj JjJ Ot l bjyjm y>" A^slj y>- 

\j>\ j> I J^-5 jUij oijZ^Jgiz Jc£j\ }? 1>^j>- jJ 

Jl Ja>\ Ji j*Li^ t£Ujl^ jl yjUi* £jJy*aj ft»A^ t^Lr^j ^ I ^l—>-l J 

.iAJIa^“!j y ^ ^ 

^*1^j lS\J.+ q! 5 OiX++# J J 4 ** jr^ ^I«5A)1 *j,D 1^3 

: J^5"as\Jp!J . JuUlX^^^Ip aJ jl 
^S^cAhj I aj^^^aS" uXiftiA^ ^)Ul* * 


(\) Coma Berenices 




uVJjIlXj <jJ.aj (O^aUI . j^Ju ojj^i $y>• 

® . cXjw£*Lk*A ^ 

(N)^jJouX^ 3^.>- <SJy*'—j *I C^rf - 

CL*c>j +**j aSIj^JL^S'j ^*^j 0 y_J^~ I jl-? Odll^ (jluxJlj Jj-jfJLo w*^l) 

^Lij Ao^^aO^ Ulj^pSCtjJ ^'js*+a 
y&jjh* , tAlftj^b 1^?* 4 ^»lX>- 0-^1 ^j5s»-*a a 5^Jj.LajLo-ft 

L^J I jl 0,^.9 J^IY <■ o^-* (3“^ ^jLbj jl > w 

{£j*J*+*j o<Al* I . Ju<A a I 4£-^o^ba djjy *w 

JjuLj J j-uju I ^IlX-o JAaJ I ^1*5.03^ y>- ojl^L*w j\^ 

^jj) O.^ 1 L® ^ vj^*-wl ^li>cj! ^*3 

. Ju^L ^A 

<■ | -*«^ j ©jli^> o j-Ja obljt; Jj >-^ <^jlSoj.r 01 'A^^jIjI^ 1 * t^* > " 

/1 4jJ| . JJIaJL—jIj 4.3^1? 4,ol>- ^ I (^l^>*!^ ^j*3J 0 ^ 

. JJ ^ I J y-~? J>3 J) I ij^i j I^3 J) I JJj (Sj‘CJ^-* M ‘ 

j£l^) (\) Ijuojju I cXz£L£. Ju yjs^.] 1 • ■ • ■ ’ ^1 * ~*- ^ *> (^LfrI ^y I 

L-j ljyu» . c~- Ijjj Ujf <_$jj_; JL- 0jJu£lj Jjb^Ls JL-jlj* to ( AT. 

Jjljj (JlSLal UcSly . Jj^Lw# oiAj J Ob j^3y iJaflj JJj Cjjyat 4ps1—I^» ^>>" 
^£J*^ I ^C® aJI(-Xj cXol>- 0 Li 

IjA OA-o 4^J^ . Owi| y^y3jj\ (^) 1 {jyT^ > ‘ LolJw^liia-Af* 

°y,j—‘ > ‘ ^J^S- l$\ y Lo (*^*“ ^j^\s>\ 

. oJuw f 2j\j Ojju jju® dL^jJ 

4.^>Ujll^ ^ I lj 2y d\j3y i\*J+>Jy>- &S> ^y i y' jJ t <JL*^ 

J 0^*jL® jl < ^A.*laC' (_$L^4iaAj 03^» I JJ . uX*5^s^3J ^ 

^^13 CjJy&> »^l ^a . lX£i ^ 0-?4j (^Ijb 


(n) Pegalus (T) Andromeda 




l^w olyI Jl If 5 jls«* <c jA^A 

O) J> 1 3 y+ I aV^ij I j ^Li—I _ \ \ (J^—-' 

<^;U -wo _jJop g p f Hubble ■ ^ 

jjj. I O^Ja C » j | *&’>}>££.-* JJU- \ o • • • ^-k J^~T* 

JJ £)_}-Ju JC^J» 4jU»Uj JJ Oil ) 0 I OjJdj 

( £~*1 •«*•- J c^cLSIj Ct^ \ \ T© 



oVJU jjCi jfjyi 

j0 1 0^?" |**' T: O^J^*** ^(j;l —\ \ J£-- 

lS £UL» ^.^^Jaijl ^-JJX . JJJ*; ‘S'j^j-* 
>• ij^.r^iji . o—i j_j>- j-* 

^J 1— Va^j 1 |L U<1^U . o—l o^ ^j*- <j-tt Jl— Jl.)* J -*3l JJ 

. JlA^S(jyiA J IjAO^A 

1 <£IJ U»JJ . O j+A ^Aalj cti>-o* U-«*Aj»> oi*i ^ j £)\5 *j ll— 

j*- j 1 w* 1 j+i jL— ^131 j (^*1 j>- j 1 J-3 oLi^"L 

Jiy^ °^*i ^Tjl 

jl^i- jV< ^rjji jjIj fk S* Doradus *? “-tb- u-J 

^1 ^ . j j*...i *jj j >—» j* - lr L <ro—l 1*3) j-iiJ I j\> 

Schaeberle Js~*Sy -W-y 



y | O j^a .1 C** j—> La y Uc-» y | O*-! jl*AJ1 — ^ f j£Li 

Of • ^ ur^ ft 0i ljj ^■ *\»*JjT 6SJ 

dljLr ^La l J»i jj . Ji;b jly 3l i _ ? OL ^ U^U^-j U 

oj!*^ eSJt*" W 13 ^ -* L*^ 44 a -—or 4 (*+: Ia^Lic— ^j| ‘CC^j.j 

L^j t 31 y**> - cr'JJ Jtr*yi iS^f*!./*- u_»*- 1 j *j»- ^*| 

d? 13 «jLl— 0>:3-i _>| jA f l-tf "^a rfLci l*-> y Ll^-jj j t£j Ji l^La^ 1 

*£• y+9CA Cib jM * -U ] oJ^t Jfc*>jL« (jSLA y Uc-- 4> jJj %i*T (j_J-L5^ I ^A j£-{ J ^jJa*J 

^ I |^a 11» . yliij (_$^_t | <£l) -uj l* jj. 5 31 -d —a jjjl.*.!** 

d* l_y jl^SSj j^t *S* 0 1 J_^-ol jL— 31 c $£-i->« ) ^ 1 jjV^j > mJ V La^ Uc— 

»—>1 ^*\ jj t>i. 1 c * 4 -*-^L ^01 o—! (./'^ 

<T *Aj <p- y^A L*UiJ U Jt Li ^ JkO J «A 1 y»- £ j\ ■’ * - > - JJ (jl^**J Ll*** J^>- 

Harlow Shapley *-4**; • • AJ I* J - , I cS'-^i^jlo'-^J^ o I 

C*dU (jlidff* 3^* ^ OA\-J »y (jl i . ^ y_ | ijljjLA fiLC-U|^ <; l>u^>j 

<Lij £o u*i_> J.3 \\\1 jU-jJ JJ ) 

( . O -* ! • «A-i 






Jk> jlrf £<&:>■ ,j) Isa- 

.>>1^ «-*iJ iS. ^~‘ o —jj (_r^- c lS^Ijj — \ t j£- 

. 0~>l AX .r* 6 *jl" l 'V ki^” L 5i^ J u’.l _^* t ■ O—t* i£j~> i/'I'lJ 

J»-l J*j J ^ Ut— <iLo--| J O—- |jj.«4^Ij-< (_j|<il». Ij | <il 

. 0^*1 A • (J^*'(^ ^ 9e " - ^ * «*Ao4.J J | 
il> I Oljjl; ^ (*-*; Ol •-^T '-*J 0 J ^.3 J J 

£J *jl 1 '-*.r i JJ 

Andromeda u I ol j)k 

^ l i- C f f £*?■ jv* jjo, L I. j-L-^ai y.y** JJ 

JU l£f . JCjL 1*2.4 J *-C~J ^5** «A1— ^*4 I .I Ue-4 |j I lr <** ? J.C.* I 

JL-jj i^- 6 oil ) "^-ki o'-' ^' t^l-C^Lfj | ^L^-| jl i£jj-> 

( *c*~*| I “^ • o j - k <; jj X\XV 



$b I Aa^ Jy>- . AA cjli j\ £jb*w A +£»jy>-j\ oA^jL 

y-Aj yj J^Sjl ^4<ajujl Jyjb-lj 0>-li-XJ Luo^^Aj ojll** £) I ^a+pxC JiJ>£ 4*J y Ij 

. CJAaJ ^\j b^ j*£* ^ I A ^s>c—© j^~©A-Ji*j . AiS~ i*JaaAa> 

. jbjlju^b Ap-jl y*j I j t x^jj I ji9 

. Ajj.^ dlo^_i Jb* b^t^ 6 0<A*° yb-^ I ylj:>- yA aAA 
0 A^>vA ^yl^l**Ji O^ i2»aAa> b ^y*A*A 1^5 A)Jy.p*a Lj.> I cAJ^ y +’*'>;I 
jbw (jA-fejlS" jl ^yb*« I yly>" U^J" bl Aljly ^jbcj 

j! j $yjb A-^y jb^i AjblA* ( _ - b^“*~* J 6:* J 

<yb.£j b 1 ^.na^cIaa^^ y^y3A . AjLLhw^A^ {jy yo \i \j 5 j\ ^yL^L oaaA } Aj y*S^*,.a 
4Iaj-a o ©a.^>a<q ^JjlXo ^pjejjjLo ajiA> yyi\) y j.9 (^cl^jLuo! ,b> 4 .a>-L_> _A i£^ j* 
\J)\j£L^sLi' oOJ* J> JJA p*bw I jib J^jy 0 yb— ' ^T? • \Jyf* ^ b c£ J* 
.09 ^5"®<yls»CAA^j ^S^^yb**> I oyj>jl J Aa**j(\ )yy^-~Aj J 

CjJy^C. Ap yh A>lA»oy^>-y I QjfS olClS b A\^l(r)>f>y^>SAAiu(AY jCs.) 
y>Aj4^'^ylS^Ab** oAP . CwjIoA**0 A I _^b5^^1 tf/ O wO^ aS^oA,© I JA s_A ^ 

. IcOly (^l^.>bt-A< b ^ —w I aIj A A**—A ^\>s-*+> 

lXj yjL*^ AI I ty v_^-aa>1 {£ j> j*3j A A 

4jAb“0^9 C-©w s^-aa-I I y ^.^7 y^bj> 

©Ajb I ^y bpxJ iybt*A» j> aS" 0_j*^ I . vAaaA oAJX> IAj>-^y Ll^tt iybc*^< 

,AAyil ©uJ^4jl>“b^^^>j5Cjb---J (y^^Ljj* a5 ''(^jyj Aj bx^J J c. 


0) F* R- Moulton (\) Venaticus (r) jamee jeans 







ft - 



(_cA-^ jl ^jO.^0 J oj A*# 0>if 

jS'yO^S"jU^laA-I-i-jO I ■?f*j' c ‘<i‘3jk>- 

/ 

i^li^) 0 3 iSy*'-* ^^y \s>z+* °i\~3~> m 3^ 

ji I oljJ.-2.aj OuXJj di ">“yl 3 £-*•>" 

^ 3y 3y !*<.*,+ : ~o-> 

(a\^^£ l~Jl>-j3 Ij^ju^l 
^y-yU ^j.l>*^l a U>cj I jj 

. Aj 14A£»S^ Lo 

A^l 1_* ! J^l*.ia3 I aS" 3y 3 i j ^19_9 b (_^lj.^ I ^y L<w 1 

I f^l“ «*.’C* . a tJLfc* (3 I _) I 4^"^JuiS*A*l>lj OL I . Aj Ali>- 

5 y&\jB AjLj L-o^«s»J *33 3 y J3 I J y3 ^ ^ 3 y C«C^*a>Ij 

, C-«*wl (£3y ♦^il^c-yw ^ cAj (^V^UI IT IjuiI 

rfr^>*jj 1(3^3 4l£iJ>Aj /jjJ 

l^j^A-o J) jl^1 Jyfr £) I ^1 ^S "33+Ai (_£^l» 3 jtw<*< jl.«i^fli JoiAam 4JL»*»$0!X^ 1 aS** 
l a A^wjj^ AIjIa ^ylS^jll** 4 j < Jj tXo" ^! . Aj L© 3^>^j oAl.£*>-JA (*^>- 

. *X>zj3 <J 

3yJL+*\* <J^w£03 Ij 0^^>* ^S^AjJjl Jlla 

. c-J ^1 j Jj>3Jljl I oJ^Tjl s.^* j* 3yJ* ^*1 {Sj* ^a^ T . u ft.C^b 




jj j*} } ovA—jL (^•A> , lj' l£^*^oo 

JjO-jiAiT^y I Jy A$0 OOlj-* jltiL^JfeJJ^ . tXjl AJLi*^(J'-XjO^-^b— 4X-j^>cftlj Jy 

. JJ loJt— u\Jjla \J^>J+>^J5 ©jll— OuXmA I 

(^bti .JjO^ ^J> 5 y***»*)L (JO** Oj^ -0 j!lX*J 

ji (^J^)LS^_jLl +*> (. i-XJjfc>iA*jB *-7 Ij 0^"jLl— A T >..fr IjjJ 

A^>-^aJ^,iL A^lj^L-J ^jI^> 01 ^,^-j I * ‘"^ jlu\j uUl*&9 Al&c**? 

(N^^jS^A— ® ^^iaiLa^L*-** I j*j> L*jOiA^* 0 Jj2> ^S0\.Jj jl 

(S^—^j\ { Sj z ^ 0^-A*—o^j>" ^jbe— o' 

iL)j-«^a5^0^jj a.-OjjocA_a lc-*^!ji^*^) (^iS^jli^ o^jI^S^ lpw I jj . o^l gajL» j 

O ^jJ J^>^j,» IJJ Oil- .O^L Jj.-i.-J5 <_AJ l^iA-A 1 JJ^xs-JlL^^ ia>- O^-’**"’ 5 A.I9L 

. iA^L A-..^ b ij>-3 obl^* 1 

— O..> ^Pt-S*cx=> OiJ * 1 -^0 ‘•j^’ ■ l/V ci 1 ^^ l5^ 

O—I JL^i j*>~^ ^5>l«-VIo Ijl 4,^3 j ^.jluX.^o.i l^l ojLjJ L^li 4j 4»^wjjJ> 

Aj>cj olXJj I ^J \ \ ja£U ^Ap6**> LXfeJ(^)Lij A^v-j I ^sl^j aA>- j. a 1 

fL ^jlS^LI— A^j.o.sjea^l 0J/ jA+h ^jjl>- 4.ftlra...A ^9 .Li) La ^jLo— ' ^ L—oJJ 

LXjtA.jbLjL^^>"^j Lpc— ol^>1 fU; Uc3 1 jj . cob(l) tt 0V3La^Up L$bb^,l » 

. 0—1 oJuLa (_£b>-^yOjj (_$Lfc>A$J J ojLo l^j jAa 5 ) o lX.— 

O^Lw.*^j Ol**4aJ ^OlX— AOa2>j! (^Jjj ^-a aS^iOaS^L^i 

Oj-^OiN ♦ 0*-^aJ ^L*^a AOwlj^ J>0l La aJUjI^ 

^<r * ’ *' , *.‘i^O' -?^^"^*^La i b o jj^j Ato-— ajLo cO_^Lo.» OL— 

iL)L>.i—J jja^l-j 1 j^>aJ5""^j c L^jI j ***,*, a ^I^IO^rJ^"-^« Jjb ji^jJ^s- 
OdL*M^ jl^T)U ^Li.^^,5* - |^wj Aj aj—Ij 5>- juLa jj^-jj^ jL>b !<aJ c <a> I 

I CjJj** JJ—j J Lla3JJ ^£Jl-ju 


(^) Triangulum (X) Greater of the Clouds of Magellan 



A-ojL>" (^L<aJ J J aSo-oI^I^J) 

(j£ljjl^i**Jjj Ijl^^aw . s Z **» I ^il^« I O^0 1 j*-» l* iXu^jy*- aS* 

JJ aS^C-^IjJ^*- 0 j^O ^aio — uXlilj L Jl>*j«5 C^l 

JiXflj I Cv ^l ^1»J > (^Ia^L _ lXi-£iL I^9*A l» ^>-31 31^j jU (iU j\j\ 

c*J , ^IjAj cjJj^u bly lu l v . *w <L dljj; 

0.».»frl^> jL..., (_^Liacbl^^^» Lb aS'^Xaj I Ju I JuiL ,jl 

. *—«»*>! ^)1«-wj 

Jilj>-jl tAjlj^3 jIjaJLjJ ojll**0 0 I 

j l^l ojo^,? aJ^IS **3 <^j>- aS^jJu^ ^oIj v^*-j y (^1 y L*** I 

oJl^OuXa I j> 3j \Jnu aS" ^ ^ JjuX.w>* I 

yl tS ^ ctlo^s { j^^* jlI* L-djj cjLc^j 

Ai>-, JjJ0 ^ AjuXi^l ^>t*oL& AA»uli J$ oJt^ l«-V-o La oj» 
jL.wj I OfcX*^*^L ^ijjl> (^LfcAI^jJ « J* 

>-» ^ I OcV^j A S*y*9tA Aj Jj Juj U^jl <>^>-VL . Jo L*a JJ * la C 

JlXjL I <AJtSlAJl^Ijo- 0^*jL^» dJ^5* A> i^L&J) 

^I^L-wjIyj I j\j ol\J+> o J l^L ^1 ^L?L ai>-Iua^ £j \*t Loj>jL^ ^Lboy a$^( ilo^j 
. l^j I (^ITiAJjj- Aj J o J Ju> L-a 

£**i& c?*Jju ^ oL-ijJ * a ^. | 3 | j*i 

^Jl> aS^ \\***j^> JZ Ju j j] a1>-j<*0 L» Ij (A*^ {_y I 3^*® b I 

•r 5 "^ iAj l*> itpryt 



/*^CZ*0 

] V ^ *• * 





<£Jy JL- j* a 5"^yL*-^ I yl^z^ji 

4j aT iX.'.^Jy JtXflj I AjA^A 4Ju?l3 J^- } A^Ij j\ 

Ia^a* . AllS"A /Jy*a> 

aS" 0^1 \j I . tAjjl^^JaC- ^£>yM 

^ AZ l S ^3 aL^u Lj AJ I 

I ^jIa*a Oy£ 1 

J 0^1 _^o I v^*C-L_» A_jS^ A3 yZ-+A dll Ay 

Aj A^J£CA#^*Z-S"^yl^JI 

. A3yu* C)b t£?^Aja I JA ,OJy-*jl %* *& 

AJjl*^^>A^3 jLS"a5"a3 SyyyA {£ yl^v \Ja5 ^tljA (^lojlj JA 45 "^jIa-u&J-JJ 

j\£6j\+S\ j*)^" jL^r \1 a\T* . ajz5"^>oa cA^-^y ai—a 

az 5"^yo 4 j** kJ 1 *^ ^j * ■*» oAja t AjlAzs^^jIjii 

l—> I . AZ-5^y» ^vXJ> J d) I J)A o j&2 AaI^J 1 ^»ApeC -5 oLn*jI o j> j>" Aj^S** 4.o^ 0_^“ 

aJ Ia*aa^r» I. pJju*j 45"c*»»Jj 1 *> az> L*® lZa9 ^Lox-I jl V^JjI a 5""Ayy® 

ajjLo^ ajLj jy*xLt aS^ a3 jIa ■gZeiaC’ ^IaS^ y&j a >^ y 3yJ jr^ ixy^ aS"c*~ZjI 
^)La^ 1|5" ^3l ja A^^j^ *ib . juUaa# y a 35^tfL 

a5""AAA *A^ oAjA 1^3 I aJ j\ 4a## Jl^wlj* . A-umIa^a La^S" 

. aJjLj (^yzL-j aIam 

L^jIpk*m aSv^L 0«###l 2y^P*-y—f> ^ sJxT W -11 ^ (^tZadJA 




• !j J** fljS^I byjar) J*> ^) jl> 

J5^_>" A_A—*>.A> L tS^y 0^ (jy\j£L* jl ^£*> ^jLi-AcI . tAj^-.^!L-<w j\ J} j^lnjSCj 
'^uXt Ol^J-5 ■ 5 - JJl> ‘- , ' S 0^**“ • a '^ ;> 4 ^-*'j 

oj{j*** {jy\j> j\ j-t> /jj_k\I>" JjiA—>-li I jl (_£lojli jj pl\jJ Cjy^- OiL» 

aliljb _/"jj ^'IjL- o-® L^j I ,jl ^4^A) ^1 ^ApI.J^ .d*.**>l $yM 

laL..j «ajLso jj.^ 5^ ^Sbxj j j-j (5cj! <ajL^ L^j 

1 j5 A^JlIio b ^Lfcbj^j- a^>A,**» l^yCJj o^^S^ltA-j 

AwS^ jj I 'A*-*0 A.SC.I~w f P^S" obj^>-^A 0 ^ aS"^<?1 

^ V^-^J jK+-*** ^ J* -^b**-<> A£^,<y^6»a .jl ^+3 OJu $ l^J I ^ J3 

^c.J Lj^Aa jlj-fe cAl>*jl ^5sl> Jy>- aS^C~sL uXljt|^>-j j 

i .ob Ijl^J I Aj\^C*M 

jt\y>^ 3 j S" «A*. fc i.p- oJJbLi^a lXjJJ.Lu t.jl>A^»j (_£ J j j (_$l^j A$|Juu 

. JuL£>L-wA li_X.2>- j^-fcjl (Jt-« (Jj ^-A-a ^j Jj.>- ASbj j^a baS.J.3 (^£'^S^O ^jLo-*** 1 

^^jcXjL^ 6iA* 5^ I j) L*a$_J.5 luX^cLa CjJy*& y^ j^~ 0 ^ i-Xj JJ u J^Ij> uXju 

jLa© ^>- LA I J.D (_£jbwj (_£^j be-*'® <-X*j j^-j «_Xj jl<Aj LoLa a5^(_£ j\zj j) 

.^IpuVjS^ I j* (_£ jIa J Lqj ^»c*>j>La (^I^j Is»cxa» ^,)l5" jLli** Af-^K^cA ^ I ,jl^^,j.3.j t-Vrw ^^ ^ 
jJUr ^$ ^)l jl>*j 3 jL^ Ca p wL'^ ^jLo^ I oj^y>- ^jA ^1 
uXliL ALib J ^->-J JJyJ U yS 'JJ ^bjJ»>- I Jol^ 

I ^jlii>- ^ .lX^^ J3J C-A*ii>-L ^)Li-»bl^.ipl 

. lXj jb j)^ y —; I OJ^-^ I _^l^- j^ 

^J 3 ^r** Ii-XaA Ij I^JLi I , uXJLfc«bAA Lfc AJLpO ^^,1 (_^bacl ^1 m i A^^*.j 


^ I ^1 (_C»Ju uXo t^juXA b_j iAj L*>j 3 W-l.' ».« * « La LA - I 4^ ^«j Iju 

^1 cjlX 3>\j! ^jt*j Jli-i>» Lp)^ApA ^jjaJ lX*JI»L AJL^b jLo ^ I 



^T> )$ 4»isT^Ljm 5y+*i (jf j\+ .*■■> ^iL*-*^ 

cJUl 0^^"I AlX-a ! iw»-J^i AL> .<A<a I AA A 

UoL^y oOuAbn-*' ^JbiAjU .wwwwl alXaJlS^O-^L^L \ j \ I jjlyjL3 <^’aL>- 

.lXA^L aA^-aJcjA^- 3 ) j) ^^> £ jilt* <XPj-o^jt-o A (^^-^Laj^LaJ JjJtf>A*^ ^«J 

ocX^ ^la^ A^^.*j^La*9A>3 q ^ _/A-L I^L^^jIpw* 

AA*-X> ^j£A^_S^o!*j iA<-L^ ^TuX^S liA** AJ^Jl . iAJIawV.^ I J3 4,mA^ 

AhX* I j- 1 La-^J) A^ A aAJA^ V ’ L^ A "^ a ^ (2^ ^*^1 aA^j 

Jfly A AA<3 J^xS I ^S^aJ) ^3^3 ^Aa*^.iX>A^£L~o ^cJa—*A ^jy r lA*A ^-^A^A^X! 

I a {j***^“ a*“ a ^ ^**^ ) (_^ L|p a (_£ a ^ ^ JoUjL xS**^ ,4 */ 


• ^cr^ 


O^lju 1 aaqaj^ ? ^Ai lr aj!a^*aV(_^I 4j Wc**» ^cl y^j^- 

^S^^aIi^a a!^°a 1 i x_S"c***l ^ I c*wJa.*j j*\ jfii LLajI •. w-^l^ jAjL 

iAjIaJwi £>l.jsS>- ^ULfijAl I v^aL^sja Jol^ .<XIsL ^J-^—<AjIauXo1 ^JO 

. Jjlxi^b 4A>^ls ^feL {£Jy* AL^ 1 (A^ 1 -^ 0 LfcoA S 

^aV ^jL>(^L^jla ^..^a a«-Xi *— fl k^ fca (^LfrA^j A-xio 

C***LaxI>* j* L-Xjg JuIaA^j ^olaLob 4i a!h JuIacX^£-a>- ^A ^ 3^ 0 J ^**^L A XI^jIa 

Ia L^j I A aA.U l,w ^1 j^-> Aj.) (_£ A ■) J. 4) L>C-yWA AlXa I ^jl-o 

^laj ^A> £-> L* A^A«-XiA^ >IA.»L>c4-wA>^ 1 ^Ao ,JwA a! \_5^S^Oa-wI ^lL^IaIA 

ciLAA*-^ 0 I 0 I (At^ a! ^"‘-^■° ^ ^3^T3 > iS^ J ^ ^ AAAj D ^At^ 

,iXu>)j j> t * j * ■•■^ l ^)1 lXj> uL JJ Lj ^fli J J^pba 
Ajl»e*» ^u3& J Cm«I a-U...a J^Jj>- lib JJ Ajatfj LaJt. ^Jp. 

oAa I A^^^^Ab-wJ ^P^-^sj&a OA^aj AuX^jIuX^ ^aI ^ 1 

NYC 89 1 4j^5^ \o Xji bo*A* iAJjLa (A^^aw I AA^ l^liAl L^LS^aL1*« &£■ y^znJ* .vIA^l 

.uXam ' j** jlibj C—l 



.Ju0 I \jy !>•** 

^£-0^1* <6"jl £->*} dloj; ^ Ujb &<J^ jb- 

f 

jl ^U*J Sagitarius jOphiuchusJd^b 

_/ L$0b^^bL>-J3X£^*^^.i.X*w ^lal) ^JL o^IJ3 

(‘Wj^d). cX^Lmo Cepheus oj|jjbJ£ld d-^-jl JJ dOO 

.sii-w-wi b^s14^j ^.> I xS^o^bcjj Ijb L>a-jl jIL* 

i^5sbO Ajiiad 4 iAdU )«A>- Lojl {£jy ijd» jlj-fciX*» «-Xild bb) 

I^ I xJ^tH xt^.$ 1 j)b c-J (n j^dlb 

^jb&bM I 4 x-^^&a jl dlj jlr j2 L* ^IjlSC^S" (\A ) 

.£j«^d» xpj^caj Ob j5* 

dL>^5" 3J^~3 ^ j* ji jb**> xp^-<>j>tA ^>bl (_£IoLj 

(_£J (^)LS^jll*-w 4X^*5>to <z\xi 5 .^ob £*jd jb9 & sIU^.|^yLft^>be4^ jl J.) 

v—wJ o^b*** j\ Lb>uX-<^ a.SCL> b&^I^A ^JvaL^ L^j I _)\ ^luxS^iojb ^L^aL» 
Ojj^oJolp* JJJ) jL~i ^Uaijj [£3j±i) tTjb— &S>y>**A Oi'j' ^lXjo .(\\j\V 

Jbol^fc iA*a'ZfiJt> l& C *,«m» l4jlge*^ .Owbul 

^l^jbc*" j\ ^lo.—9 ^*ju ^■'°^7'4*.*0 J^>- ! j _J 1 vI1«9Lm*a iAju _ > 1 

.c—jbb jbTjb^ Xc-y***} jb j* 

\£-y*sy o _J IJ ^S(_jt^j Is-c^j ^j| 4^ J) ^)lj.Z-» N ♦ N J J I 

OUlSC^I^S bJoj^S^SCsg^l I jljf jb~. 

%A _>1 j _t Om.J l Uj.—4^>* k\&3 {£3J 

o<^ 1 ^LVj 45"jjb OlX_JiC (\) ^ j> -)ya> Jj“l<JkJ 

( ^>\s>c^i_$Jjlal> ,C**«I Ojb(^JJ >_9 jZ>J2 (Jy^ b*“ I 

£-31 ^y 1 y^\ ..^ ^»LI4j bs^lj^ 


l \) Sobieski (\) Harlow Shapl]£_ 







f) Sagittarius o\+f JE& o jj* a;> Uy I oU"jls~ 

U <J o>j| ^U- _ \i jCi 

{Jtt 1 Oi^ 31 d>J^3 V*i»- c»* jz* ^^Cli <«l>ajU— 

0-“— • o-Lo^i. ^1*“ Oil • ■-***1 

jjl; ^.>1; L* tfUjLe dljl; jUaSJjT 1 ^L-T 

jj Oj—*-•—* jj ij^ -6 ui^ ) ■ (' , J 4jj - J I jiIj— lS *^jL« 

(■ o-l £JfJ ofl- f u4« JL- 





ips- 

j Ceplicus oj^ji ir^U-i £».l - wj^- 

. -C>-u^ J^Co |jU ^o—| jL* j| ^^S— 

Opliiuchus Sagittarius o^\Z^* L* 0 c j» ^ 

jj i _ r £Ie j>_l ) *-io <J o^l»jl -> ' ••- * ^U— < ?r’ 

ocl-jl^ ox.jj J\k acU ww JL-jj jj-JLjoo cU-o^j 

( . o-l .Jb 






Scutum Sobieski ^1$ Oj j*? 

Harlow Shapl^y — \A J£~ 

l>To-l <ilo> jjrJj ^^jL. ^U-^,1 < jjIjjU 

^ 0 I ‘-^.J y < -k J^" ^ !*-■ ■>>»- J jf I • |*~*! ,_$»■ " l L~* Ojj* 

< ‘ J - i Vr ; A s. 



Omega centauri 

C—I ^j_y; >*?• **!»-* b** *<<1^,964^1 .— ^ ^ jCw 

«o, j jjl-u |j jS\ <_o ^ ^ ^ *J^ 0_>» 

O I . -l-L j\j* \J~?. J m * A *4 1— ■ 

ji ■ o—I «»4—j l*jilr o_^ «Ijjj JV— j!\ <jl <5^o—I jl>3 I 
^1 ) ■ 0—1 0»-iJ dJjJ> 31 ^.J—* J-— J'l^A 0 I 

<ijj £ . u^*j; > f ^ > A\Y 1J\JJ^+ ^U-a^j jj ^ 

( ■ #a ^ *~*I*S. 





4 L?li U b be-. 

16 ^"lT 1 t*"^ r?! ^ CS'.^O'- 1 — \ • • 

jU-ji^o^ii* o '-1 ->> E. P. Hubble • >^1 ^ 

O^-'l oL.j olJJ • -'-'^r , L• (*^» 0>^l «£" «^—■! • 3 J'j i ~‘ Or?y. 3 >Jn, 

J .Ju, | j| <L p.laC (jl-C. £> fji~- >•' - >1—I JJ 

C JJ 1 _ <r Cc ) y_ | J ■>\ 3 - 3 J^-j‘. <Sj c5l>*j| Ljjl ojl» 

Ij^; r 1 3 r c ” u Ji ^ \*ur J 1 - j* oy-ko^ 

( . i-| .JO, 




S jule^ri^La) ^>1 l*T 

o&j—b -i. ' . \C .A jb. ^>1 a—^ 1 xLi. — \ • \ j^— 

jj <rj^L— ^ I j| £iL« Ub L^ I jL j <JL»li • ■i'.'S' j*. Jl»- jj lSjj I fl—_,— 
•j|x||jl t ;l o^_,». 1 -°->^..; l ^b t .^ C ..! ; ■tf'^b'^f ox. 

'I ob- O^'* 0\J\j* j u *- 1 jl ^‘o—* ‘ |*i*^'i£.r/” 

ol^jb-_^l— <x:£l~.o-»j U ^iTjlo- jl^^Cj-s <Co_j»._^ 

•xT »lC; jZ -.j A. I ^| x | |»j |_j»^ jbiC^S" ^bii-jj 

J| . -0_^« .Ji--; ,/ I*t; O.— ol JJ ^ IjJ—■ jl> 

jl ^' .-t <*0 JJ J O—l xijUoi" JL— J) bjj | ^ be— b J^;bc- jl *5^Oif” 

jj j.*—bjo— j«*j jj ,j£- t ’ l ) • o—| *xi L^< |£)LlCy5' 

(• o-| »xi <i-|jjj oel—^ ox. jj ^’b e , 3 —i*b \ \\ i Jl— 




Delphinus j cygnus j j9 ^Cli 


\ • x 





(n ©aoL» 

(ji*** C)^jk++* <j^> l $ba$ a?Cj y>- c—-Jl* A>*^Lc»(j£I 
^jb^^I jIiA^j (JL* ^j-Juo l>ux^ .c***blj a ^L-aw ^Jlc l?Li 

.AA> iA^I^.>-jj aI***© b(^Li.Sw^5~Aj d ^y>-ji ^JbL 

.JJjsic-utt I ^yy^ob £-*0 >-^^d Aa> a? ObA^yel^Jjb 

. Ajd ^k)Z&\ y>- (j^'* fJ (j£{ 0^"AC^osjt* oJu^ As>el^ Jb* LflbiJus>jl ^j*.j 

.AJj&AaJB 1 Jobb<*» ouXamcAo^j (J^loAP aS^Vw*-^! (_)^l jA ^j> I Ad 

Jjb j\ J IjuaJJtAli ^Us-* «. U jl l5J^5 JLi Ojt^ 3J*>- J3 

jUj ‘tf 5, (ji 1 oil** (J^aL-o oWj* (ai JSls-) 

c_jA>- Ij 0 I IJuo^JJu I . ^ j)'*‘* <a ©AOAdbj A 

d y>- ^ bc**»Ad ^ J ) - ^.-a<o ©Ajd^alj^U? j\ A^wj J^Joi 1 ? d^S^AJb! 

IAj» A J^dJ I aS^ Aj 5 J^L+a Aj^j^pt* (^ 1 -)\^j>‘ ©dldC**OAl )a 

. 5 ty? ***A OiAa-sU 

Aj l(jP^ Jl>*AJ^-M^^jAuo^lalA ^ ^AA'djoUb^A I A^l J^iaj U>.Jb » 

Jjldo-a .Ajd Js^+j^a ^la—**A 0"^ Af^^pt* Jj&zaJJJo J-J lA-eAAAj 1 AjIA» 

A^Aju AjAa (_£lyA-o . AIajIj bt^A^ ^^L« - .i.j aS^OwJ 

cXjjL^ jy~> 3 ^ Jy. b b* (^ 4>J ^ C/0 W> jjOjS"0^ ajIa- pyi>l 

. Ailed^AZ^ aS^A d aTJ^ iajl.oJb 

jI^ao^ aLsIsja c U dlojs ^Ua '£ J±'> a5^ 0V3U ^U ^1 

JJ U jll*^ y y\j> ^JwoLi ^*>1 Aj I AI3 ^ j\^ \a (JL^j 

/*— 

LftAI^jLi^ Aj , uXilouXo I ^lx> £jJy*aj o\\Z* Aj uX-^lj oJ^j^)Aj1^c*«jI 

(^Ifb AjO-L 3 sIlAau Aj Ia^ • £’(_\.__>o I Ad (A^ ~ ^ - A^*« ,|W t-**J } yn3i oA_*w I jA A^CAj 

. Aj I oA^^>~ Lo^flAd3 Ajg^gg^Ad A Aj loA^o I I oA^^Ij J I ^ I 

» AjAa* ^ V *-«i.j AjoAj J ly IjA-i-*-wj (_£ J^Ka A AIjLo^jI A^*** 



l t ; 131 

^ cJ wil \j jLi U Jbjf(iU fUi'j^ Iy>llj 

<kSCi 1^)1 , J 3 

. l\I*L <y * ctLjL i^Lfc ^Apo** * a 5^<0^Ojj* tA*-* I Ij ^^Lii 1 *jLp j >\ 

Ij L-a c?U^-T^-jI (\ ♦ ^ <J.^-£») cpy^-z** ij' 

J ^JLaui 1 L* ^-"-y Ij I I 4JTJI . ^<^1 

c^mI i^lx^jL ^S**L® ^>lpc—« ^Lfe^w^ojl c*J ju L-* 

«■ - 

^.pw 01 i ^"'~ ^ i ^ 6 ^ Ly^ . jjxL b L* i_j-oj> 

^^3^.{J* L >w*>» 14 la A) 4.$C*> I (^1 

jLlI^I 1 A^cXj L-o^ia*> Jyte*t ll^Jbljg , O^m) 

. jjj*5\^I^i> L® ^.^,>-jl I j i £ j *>- oL j>- 6 



A A 






J 




u ^ w* 4» 3»w j*»j)j j» jiCar 

0.?'^-i l5^*j jUa>- UJlS^SCjLj j 

^ b**> A--- i t—'1-o.S^ b I 

A T O jl) JJ cA-*4"^>-< ~* I 

O^y 1 pJ.louX^jj^o 

^C 5 i J y*" cA*Llib c^iJlIs-jI^j 
. ^jjo^lld) o) ^J ^. 1^*9 
j ij^^o^9l^i3>- ^ic JJ 



J [ypyly- y>~ <A^)jj>- bjjb JlS5J bopl *0..$^ *)j> o«-X1j 1 

t^jb_ /r Xft\y I jl ly «U3I b j oJjj I iJjiiiSJJji U Uj f^1** b Js-lS LK'' 
^-jy- osb tXAl 4 .- 0 1^1 iAi lb-oL.:.<Jl>lj(_jbii3 jj .^iS" 
J C)y^j^ -? 0-2 y^-ll ,j.b>b bj.|i\»oj|^lbo _$JJJ aS"o~.J l _b*Jooo (jliAi>- 

. ^b o^j^5"ia» jj ot j**5 i3b®j 
jlj ■*. “ ■< uXj J>^j 0^ vA3 LjL> 4.^.*^ La 

4._!^Oj.>-jL jJlXa I JjL ^ jl 

3 ^lA^TIA O^L ^ ^ ^)I^Lj I (.^L^iG^^A/G . ^ I 4 ^**l-X*< WfcfciJ luX^o.^K) <A oo «»»J ^y-° 

(_^L v-1—3li- Iflj^-ja I j! j+»\ jl ^^jwo .5J>J ^S"«5 ^j ^L 

f 5 L^ljl^ cb.j*** jial> ^ (j^VJilj y** 4j I^Ij«A<a . 4j I^IjlX^ 

oJ j.•.. .J )uXojo 1 ^++* 




Jt* jl oL»^l*a .^jUlj .vI j^>-_? li 

Jl.— t.X-fl»L J?^ 1 I L J'<_j ^Aial ^^^iLibSbuI-w Iju^J .JJo 

^yJo jlrjl JL- iX*»jl ( j1»j J C .-a w'V ^j«lU ^J-^jLsI ASb^*■_t 07 . nl _/ 

. jjjiOpC—I <_$jL>- U>l Jj jj (J* Jj. ^>-L jjJ>I JjI:Isojjo;loj y^iS i£ 

. C,wb jxaio ^y'Ul ji&- Cjb>Us>l Ol-J^ tj\ ji U [ft j*a.A 2> yJL^J J jt L1> 

OlP^ ^ I U^y j> r 3 C)3 >^JI la 

|<AyfLA . 5 ^jlo-*^ ^ ^ ^jlS^jl**** !<A*a J j_jw^l (_)l*j uXj 

i^jJi^u } y±> \\j . 09 J cXlfrl y>" li>e^j JatXo I ls>cS^ aS"" 

!^I—a IsjbS^IT ji lj iXol*) O^I^-J^^wA*-**! ^» jAi 

. y~» ctl» tf-l IuX^oj 

3 {£333 ^*.^3 {J^,jp (\) aS”^I lX^)Ia> 

4J-JI . Jjlo^^j OuXlS^I ^^loY l£^«29 jl ^fl ^0—9 J3 ^1 £jJj& l^J^27 

(^LPj^lajl^j ^?3^” a - a ^Jj O^j ^Ul^jOl* - ** 1 ji*fj^** 

a 1^1_9 jl l^^Ibo^l*S^ lX)Lu ^ I li 3 I . 0 <m — J ^ j*a.AA U>c*j 1 J 3 0*-*l I 
*)k*$ I yJ> I ^>JJ>\*+* «5jS>^Jj 3 y—>“ aldi^laj I 33 ^jl^o lo Ij-ul^ai • *-OOl^ 

^jl^J J j£*S\ i l^'l i)J3 ^S'^JJ d^Jj JjJej I ^fcLZjV t^baS ^jjI . ^,-alj (_s" ^Uxa 

J OL- 6 Ji l\J loj^J "S I AlJI . iy L)L>— I j>\ 'j> C)J5 j\ I j> 

jl ^j-j^ Li*l? I^aj"! . — t^JyL^ cSj>- sJlj-LL i_$l« j-S~I^ (^Lj.o^ cjjy^ 

flb** - ^ J 1 ^ J^_*" bblj* iS^J^lajL*.* J lAiiAi idLj^i ^ jljJ L5b J '-^> a 

JJiX j ^1$^ . t-\jlo^^-«j (^jt-X>- b y>j b-wl c ^ y i jL.>- 5y^*-i b c£_?b— 
. tAHS*!t^jL L I ^3 i-Xi (_\.^^V>-L -Va 


(\) Sir James J< ans 



jjllJI $^****1 lf.*J'l t O'****) 

a5"*<0^j ^iil>“«^il^j I lij&*A l^J IxSCfS^.) Jjy*J3 .Jul^lw* i—jJ jMt luiL jm 
jUjw! i j>- £.>jS^1j_ l» I jUa>“ ^c-l> o£ tiL sy I j l|j I 

, d-AA»! OlAyO Lo 

lXJI<Xu» . C^l *jl^>- C-Cj-* * ^Lo^T>-^ajiJ 3 t (^jlo £)^AS 

— "*J* 0 (_£^.aj I aS^^ jluXi II A^lj^>- lj^ ol* & 

\jf 1 ^AJ AS O*-** 1 I <-£L^».*2 _) <J>JLi I 

C?-^ ^-il^l^U«^ Ij 1^* «A>ljXja aS"oJ £))y 

. C***! L& (^1 t ^3y**j3* 

jjjta^Aj Oj>“ c5j^j a5\^©jI (_gjL». w *j 

L ^£l>-j5"o^^5"^5*nAlS^^ft (^^jf jA>-l j>»l jl^i jl l^j I Aol>> oj3^^oJ>fcA 

(_$!4j1^64^ oiX£*IlX>- jj>b-joLd * Jjj oJu** £a>* ^^^L^ajI 

jl I Ajil>- oji £j.<s>&& A^J^>- . tX2> Xlfcl^sJe* J>^>- ^ 

^^^ A-*.*_A A^tJo .XIAaj iSj^ ^f-* J 1 -AiJjj \jl> aSsJ U *) I 
. cUS^^1 a£ IjjLi Aj LJdp ol^ A£jb Ju I jli aS^JuIa ilftlj>o5 
«} j i. + ■> $ gj JJuj X£»L ji(f\s>-j^ ^Xjco (A>-jl ^aj I ^ 1 j*» p^ji /l 1y>Ui 
^l^i 4^Jl>- JJ i X * i ^* *4 ^1^5 ^ I ( ^ ■ * giC c^l^l J c jit. 

J JlAaJLjb t5jl L^j I 1^94191(^.11^1 .da JLm 0 ^ 

. JO ^.*a j a y? ^ J ^ ^ j** «0_^J 0 I 4jp**5 JJ 
" ^tr*( I_jli 4 ^vII^j)0 -XjLj jllaXj I lX^Ij 41^Ij \Z^jLj>^ m Lft^JL*^ (_^Lft> £jt I ji I 

U^-**J J ■<f.y* JjJJ J&- liJ i^L* <J^ ^ j>)jf? 

l^IjI^gjiJ £aS^^Lj plSTIj^.7^A^, > 1^ C* **<l 

(- Jj13 ^Lwo^Ijj)Lo-4^ I .£**+*+j* ^'t!^ L»! ,ou-£A> 
ais^a^jjj ^Jy {j***i-2 \y** ii y ~* ^\ **"- 



3$ ^yb*,** ^ djljul ^ d 3l^l 3 033 33 y* 33 Obii}ta>l 

lX/&\j3j*^*3 3 . I^oJo^ ^5^1 oiX^j i'j? 1 a j Li>» >j^ji> .two**) I y*j jb- 3 3 3 * 

.j^bba ^clL ^ji I 

»^}l>- 4 _S"j^!j^LJj ^bCp^.1 ■ L ^ , b ^9bL> 1 c^b^ I 

^3 t uX*^>b b^b"^Jpb> I . ^1.3 4)boO 4 j ^ a^L ij JJj ^y I .vll*^! 

J)bi-Xoba Jy> 4l.^>) ^Js-Jj ,\Z**+>\ *3+m*J y£~ v-fl3b»eA ^^laj 4JL<-o-frjlj 4Jbj J ©jbj* 

1 &5 J* -Xjbi ^3 \*£+x+& jL^j ©jj$ 1 43 lJI .Jjlj 4 ji$!j oy$ 

. v»_ +•■*> 1 y3 jLuj ^b*.«^o 

1 . 5y3 ~~» 4>* cXlS^^iAJ* ^-o-pt> ^ _3 ^.JaP I Jy I ^5^ I 4 S^lX**5^S^-9 (JW* 

JJ ^S—jjs ji 0 y^ I _3 liAp ^.j I .Jo ^ jjt>* 33 °3 >a I JJ 4j jb>- 0^9 j'U b Ope> ^li-XS*" ^Jb 

_ Jo Oa 3y>-y> Ojl j>" ( y*~ LfJ 3 ba^_$^J^I . lX^lX— a S33 b,a-* I ^j- 0 S} 

l^jljl ^**Ai ,<x£ C^Kjlla Job ba (j£jijj>-! ^ylpt*» 4_$"^C***l (_£jb otApbd jl ^jt )^ 

' S 3 ' ^li.1 4; J ^) Jl*S""^.*j 3 

JjJ 1 jb«P ^_> I ^l>Ojl y 3 (_£.,?j! t-X^^SC** JjlotXwii bftj xS"" 

_? ^-aJ I b Jj jl J 4^w> IxlpcP &Sa*0 y* J JjjS^jl^-9 o3 jS"1 uX*j ^*1—> lpa*« S | xS"* 

. Juobo-L-a ^jjb^su fcXllS '' j>- ^J** 33 ^5 3 

uXoljj^^i ^ ^|j5s-Pc—fc I uX*j 3 JjuXi* ^1 I J3 

(S3 jj I oU*«^ 4_S^^Jb> JJ Jo J jr^a jA ^0 j^> bojli L^ojI . <-^->^ 4»aiX*<s» jbj> 

OJ^.jL^>“b S3 J> I oU 1 -^ b^1 . JJo I y 4jlpc^w ^3^>~ cJlj^ I tXl-ijJ^woa 

tX^Pc>wa ^■L^rljl <^<53^1 olji^Jj ^;1 ^ (^jU5C IjJ I j> jbj 

lAiS^^e ^,.. .o~.. .a J iAl>-jl>- (_$Lja3 > jlji Ujlj 

4jIps**i ^jU- <_£lfc C**.—j!j I (_$l* ^j'^j (_5^*i C$3jjl jj'l 4 S"JjiajL»Ji 

tAjljji^a tSJy °J*i j+*Si vIl^P^*«b b ^-00 I 4$^iXkMi iX**m^- ja 

^]i-XiLa45^O*-*^! JJJ Aobst-^j /J J.Aj I I 4 ^amj Ij I ^Ap , J^aSCL ^'1^ elj^ 




) /i iAjI#»** jM jy> jL-m*j «a*« j+* (JjL aT <jjI a>^ l>* I^ii 

js aS* jjb i^jIj *j„ j 

.Xa I JJb|^p*j JJ> 

(^lfAOJJ.3 L^oj'l ; ^ia^O c^ a5"l/JJ ^)ljl>^ cJ^A«* j> 

<£Jj> I A_Ac j\ 5 £ j* £"jb>-jl A^Jj uClS^oJ c£ j>- ^jA 

*y>-y> &[>} AJu^lic ^rl dij JiSjl . j£i yLoj^jl dtb*ojj<*i 

db^-b ^*-.5 "*a aa ^j ^j2; {£$j .£**> Aj b b-oj I A^jb <-\jL ^j . ci*^! 

_^® jl^S £jbw O^S~jl> *5j>- c5^ j\ ^*b v_£Jjj I olj-^jl t£jb—> A^J^>- — jl>j 
0>£- ^4>i\j *&y? I j*>£* <0 s -*- 1 ) ^A) Lo-*j|jJbJ ^Uajflj)j,^-wjl I ol J5 C,Cj^ .kX+^S' 

• ^a cS j^>Jy 

^_3 jlaj I . iAi I C-^jiAj I J 3j>- I ^jUL jJJ ^flJj\ ob^ Ao,.fc> 

.3 /yj I b C*.>-b^ iAil©^9^fe b> jJl) j^> AS**dSb>j>- jL^I 

Aj ^l>- o^9 j-&b L/ bl^b ^a <-Aju obu ^>ob>- (_cbft» AjV I . C-w-l A^9^S"l^3 jl*£ J 

a; j. jjjo-Oj^ l^ 3^I ob3 a5^o-UJj Ij^ . jujb ^Iai^jbI j jj5^jL^ c<5"^>- 
__ • 
J-J £jbicJ b ^ A^lj JJ^5 J^A 1^)1 JJ Ij L^ajI V^* 

♦ ^ u^® 

a>" ^****Ajj ^>^Il\jIa» ^>- c3l^-L=>V_ j ob b=> O^bJ lX-jV^j be-^bji 

aS"JJ aS*lAJ lo Jub J Jsaii9 b ^.J.«..g>cj ^bc- °*^^ J 0 

C^ I ol j3 ia^^T pTl j-».i A*Aj . lAj UlA^ ^ IJJ J !Ajl^*>- J Xj*j 

. lAiloiX^ Oi-Xjlj w*At ^)b>-^ J ^fcUjjV^? (^U<flAj 

jrtS**jJj>-^j b»&*w 1 jo^Ll»w ^uA-i» b-M>i^! Ajju^3 uXliLft t J^.5 A*9b(j£J^-j 

c$lAjl^ ouA^ 1^^-® I ^^jjla ^ItAw i sla9 . lAilS^ 

• >-^ Jjbi Jj.>-^j J duA«t^* JtAj-rO 4; 

uAjXlj^S"^ I yf L^^>jl^luAjU /1 , uAl*Xb-wO ^^u\j>bA \*La ^>"ybjl 



Ail yj 3y AJ&I y>- Ol 31 iyi t&L\ y>- 3y Al*ly») (3*>^ 33 

I j +jm L^C’y*" Ojb*i • \Sj^ 3^^ L^'l 3jy> Ji yj\j ;l 

l>*jl 3y oIaC- AaAIj £byjb*«j^>l 3y ^3 b , '—•**' I I ^y*&tAj\j} vAt y* 

. Ai*A**j Jp>o oj\s >-1 b ^"1 ^^3^ c 
A)lA ^JO-l; J AAAbjo yi&zA Jy*6u L^l>! aS^XIijSv-j &*) C—I 
*_XJ 1 cfA»o -1 £j\jy*aj ^y \ \ AAby^> AALly I lj 

A^a I vA.^1 ^Jy^-xyA . Aj jb ^AC AfP «AA*w^Ai <^lyUL>l 3y>- {C\>~J3 3 

(jy ld^J-M-3^1 3 ^33 j*-* (J^jly ^c*\jy&> ^bAAl> obj-^ 

vA^lo^^S** obj b O ji b ([/■*> 1 y 1 y+z>iy*z>- . Aj 1oA_A \A» ojl y>.2 3 y 3^ 

. «aA y;A© aJjI jLi o^y 01 31 pt~f<y Jl‘ aS^LaI ^SV^b ol 333 
* pi-^^ ky 0 1 (J^bo yy^ ^ybl ^*3 

lyybj) °AA ly>c© ^fLy<>v--Jl> 4.5byj (_£Jy> y^s^*-^S^S’ O y AjLA 

yAlA^j (Jl>-jj) bfb 1 <j^pr CA-«I 4 ^-Aj . 3 jjL.> yl*-** 1 y ly^ 

O-u^Jyl^ AAj I 4j IJ4Aj Ai Is^.5^ya y Ijlyl-j Lai . AlAlj 0 3y 4j ysy> 3 3 

3 4jil^*-jjy ^*y |y LaS^C—^ l^jlo a!>^ ^yUl*2>-^rj.$3j ybl *A>e> ^ 4^>y>- 

. ;>jIa; (_jl Aia b 0^3 0^3 




I I 

I °-r J 1 o_j.iO.jj l^il -C~ii|,s - \ »r J*- 1 

£iJjj dL^L" ^ Ji 3 jJ_j^* cA—*)T <iZ j~»\S 3 33 _ |Jj| j-^i. 33 

■ j J lj-^1 J J j-J L O* jj 1 «h*J J <T . ^I3r " J^a » .4 

-*0^-5"* i-J y*~» ^ ^i^Jj j f ^—-; (J? >*;*—< I O—*A—« C5 J -^ 

(3tt* 31 ^ Iojj> I ^y^y |jL* ^ l-JJ oL*i 1 jj ^li^i# I o^JI 

<0.^15^ oa^jj oj j I J oUi^ j_y j (♦—»■ t 0^*3 ‘ vi^^ 

. 0—1 oJJjLi u)^f C$j5^3 Ol^- ^Lxa 31 la — * > <I>-1— £)ULw lj lj.5 oJL l afc* 






oj- 

Albert Abraham Michelson 

JJ JJ s? jU^. ic^l «^1 jl ^0 >- j£> -\ • 

^L- j o*j 1C ^ j }|j ijo- - ijU I jj \ A o X Jl** 

oi J\.j3 *l£i;|jj| \ AYT Jt-o J <S J • 

\\f\ i Si • ^|J>. JJ JUU*jjj 

. jbj | jUr| 

£j_r^l ,ji;>>- i>' :*:* ' :; 3l IjJjJ o«^— 

Oj>^ >*y Ijli- _,.]»• . .CJ.j|u; I |jj£l>*1 Jjl» 0 I <1 —.k jf 




^ • 1 J^- 5, S*! < - 

•ji^-o'.l •^'u-zr o-t! j? Beta Orionis ->W 

■^-i J~!. uT 31 Ol-^f OJJ 31 Jj >^—I J j\ u-^j jl-*^ 31 

ot—t5^t'i-^t^ 4> 31'^ I • ■*—1*— ^ 1^—• c5^ A 3t^3l ,jil 

3 djj, ^jImIj JJJ— j J*»lji J3 3 3y~* J‘‘ i ^3 W -. ’ .j ojL-^J <r«j|j 

• JJ iiU -£ 

•3|a; \^L*\ o 1 Ji^i^ J I; 3 o*jlj (jjjLotjLf-H— 

Oljr 4 0 I ^I->j ViU;I jf | <Slj j>. a; u-* iSj£ 

£|>*I 0_>" JC ; L* . o—| jl^-J jl*—; -LiL; J> I j | a<a» 

j oi^S”«3l**i I o—i_r'. J ^t ■4* — lS3U»^— 1 | <T |jy 

oil • °*^f l ? : l Morley o^-J^.L* ol :*- s ~0'--' : *i-* 

*—5^>lj J O}* )Cj£ j>- w^.>- JJ 4»- w^^;—' 3 ^S^oV a * J JJ 

- —*-l l) I 

<J_L 1^ O--—j J Jt~* I 

J-"; Jj—1»J «J U. J^-jCU ^r^szi Oad - <; • * J> 

Oj'* — <> _,*y f lad Ijl^i J *A.£* <li-U- j~*'} 35 j\ I ' x ^ f * **■* I 

• «Aj j ^| (_$ J l—« 

jol* <; _ iiJ ^ 0 ^ • w** !•■*<- Kj^I ^l-Aojli 

Ij ^t- 1 L s* : -> l 0“ : *- i l-> J 



of 0 • c^rr\ ti- r| f|Cf 

If er~w: r ~P r^r-f^rn^ I®' 







?h ' ' 1* 


Hooker jA ^.tac yjCJ> 







f ♦ ♦ j! C.J^ 

U \ ' 31 C)l <_$•—** _/■!*» JJ^ui I llA*^" \ . V j£- 

^jC—lb ^. | Oil; -*~»|>*- ,J.;|_>*| 1^ J JjLj J L* OUMl»| _ JJ -LtU. 

<x.i^ _>j i:> J> o-'■-;Vr jj j _}l-—. jU-j| JJ Jl- Ujjl.JL. j|j;| 

. o>- L-* •*-* | ^>- ^~ P 

31 jj i>^ ^I^ Vi-u»j tSl-^ crt'J J^ I- £ 

jO . O—»I <iJ\.J OljUAflci' J (JjUJlJa.* O^i*^- 4 J l-*-; OV» | J^- J 

(jV^tAoo j\ ■ ^-1 _/“•****' |^f~*i 131 V^/ 

a;x|j 1^; | Jja>. dj^r -ijiu (jU- | vj>L*] J J f-»i> f-*i t 3 ^; * I y> JJ 

^ J> j •o^l*^A*C*-<j/\» 1^5 U- < u>jji^>j(j^' 4 33l j^ 2 ' 1 <-*j** j 

l- 4 (jLi»C^.5^ 3>* -3l J {£jj\ c£“H* A ?' J^ |j 0|jl*—j| 

i\*u: t o-] cr>L»| ii^jj y uj>- iS’y.^y.J* 

< J> I y. 



L^l-'UA.’O 





^ j jjh € loin 

Ob^-^ciSCi ckf? j>J iS^jh *+ t >j 

I LaS pj lojAsl^li; Lj 43J aTI 3 ^jIgA«*ai 

ajUojj 01 *. L® oLlC^. ^ilol c$Uai 

iAJ ^^^T.i.<elj-£i 01 jj A** 

aS**A*/j LoJvt ^1 

csl ojb^ jslotM jj:> O 'ySj» ji aJT^ 
a5^lXj a 2^S'oc\Jbl^»£ AIL^aS^^ 1 .Ow-J^b/ j** 

<Sj^-^<j‘^{j~ M ‘ I I JjcX>- 

. AiX^-A (_£ 3 AJjb 

Jy^ a5^^Ljj s^sjcju li J . ^?-b^ ^1 UyAjl 43luUi o_/>VL 

aSCAj O ■*■■■) y3 jl aJ tft j\&j\*£> ^>1 \jsiA3 
^l^A^^ Ix wOt, A*wLAL~»,£JJ aSTjI© j3h>*J tez+.> . Aisl> 0 ^3 j>3 

(_^LftLu 3 fc 4j o^ll^ji^>J) c-5l^ v-^J^ aS^Aa-** 1 I A.J \j>J^ l)3 (Jjb (jf 3* J J 0-9 

j5"l ^ a> . jjjbl^p- ^*LlY ^Sb i ^jb>* 

. AO 4j>- Ujli 

^-wjo^>-lAJXL-wft^Aj ^a^-6 aS^JOs*- e j3j>- ^j* 
sHobo L» Ai>t^u a> j aa,«.:. ^^Jai Ia-^ ^ 3 y^ £b>- 0 ^ Ab . aiS* j>1>« I 

fjY a5*O-u^I ^15 3**3^‘{£ ) C-f^’ * C^aS^AaI« 3j>* ObiC^i 09^-jb«^ . A-^lsIjiaJ 
&^jj>- ^ao A*bl ^ J>^.a £) 1aaa> 0-9I ^1 lr b£b^ ^1 



j\ JZZ3 j J jiL* 0 ♦ aI^Is I 4,5" O***! 4 £jl$ C)** • 

jAdj I ^ ^-.aaJ 4j l^j I ) yL* Ij4.>- 1 j IcX^iuo , r'°/ ^fl,>- aS^vJaaw! ^.ij^l 


®, lAlrfX jJI+J 


JJ)A> 4^* uX*L»Jb I aS^C*^ I AIaS^^oj AJ**.£j !j 

IfcA-ojlal-e ^jj I • C*nAA4*j]flJj* ^jIjI^j LjJJ ^)l£Oj>- \Jy j* 

31 Ojl-J^ ©J^ JJ CP^w oA ^<Ijf C^IaLS 31 4J flaJuO Ij 

^ Aj.^1^ !j Lj a!.<*>” iA«i? 4^oA***^jiio , A> 1 K+2& Aj aA^ ^Lxi 

. AjIo 4i*>* 

OyJ^3 i)3 <ib>^A^^lai* A^Ali^^C*-*! 4$^ I ©j.£->- * 

C$ yk>- L»j taA^jlalo^jLw 2_)y>-ji J I aS^ All** ^-ja C)J j+> 4j <S3j^ 

I c *.» ,9^iSCj I 4.5 ^sJI-aS. .o ^ a jJS^ . 

(^)li^lj >' oJ—>■ j)iA>-) . 3y> i^jlj $j+»{J^bK*£ oLa jjjljl y 

0J j^yl )IJJ Sy>-yA ^iSjJ oSjZSJyS-y l^j I Cjy>3j> 1j lft4»a ylsLa (j I jl f^~‘_ * 

oj js jl^l ^'IJLyno^l.— j*** &&—> yy* 3 <1***J3 ajJ^>- . ijjbju ^ 

y ! <-XiiL« a SJJ \I °J^® 2 >Aj Ll^jLo y^S li I ^zJI £ 

Jj._;lj C-~Ji 4j> j& IJ ^5" lAJj J JjLi^ (_/ Ij i)y yi OjyZjlj a Sly fy 3 ?* 

4i-als JilXfjyjSl]] ^ Sytua _yblii ^Ju Jc>- L» JaJj i_J y^ I 0^31. ^jL~J 

® . lXJj j^-^y Oy^yJJ^a <SyJ3^ 

\S3 ^—Z ^X'.~T.,'i |iX»j IiA^jia . iSSS mj Sli jl Ji Oj> l—j ajJS.>- (_$\ji9J 

i-\JJ l^l^Q 4j J,^>- aS" 4J>-^J6 I ^)Lijls ^i<wO C-w-wl OlAa I ^JjIj ^'° > ^ 

C)l jZLz>~, u\—3Cj IJ I C^ I^J 0 ^ L_j 

_ A-o lA-LLmJ ly ^ I a!*-u«^j a 5^iAlI^-L-« t_jA5^"uAjtX^» liXu ^J *A- l . » . w j 1^ 

^.wS^IlX* ai^jiaS^j) ■ t "^'* > ^'* j ^ •A*-fcS" sZ^pja*** aS^j^Ia 

^1 \j Lj J aS^iAjuA^ ^lXI^A O l^jL . AJI 0$J$ 



iSi AJO^^-* 4j>^a A.5C)^^ AIJj>Lj (JIaI*.^ IJ 

. A « *^ l .) j>*9 1 ^ 1 ^*j ^31 ^y>* (_£ L^> 1 3 c—Q-i.>~ 1 J 1 Aj -O J . Aj J | i" j -» j I 

O^'^OJAj jl-5w OJ 0 ^( 3 ^^ ^5^0**! ^ytajOA* Ijl*^ ^*«JI 

IiA>j JiJjjl JI^j ^)y*l>ajJ JJb 4S^Ai 5y <0 s£sJ&£\ Al-o..£J I 
jl—*-*»> olj**^ CjJy*3- J <• <J-?^ ^AJ J ^ Ajlo«2^«> Ol*>Jj . JJA^--* <S33j\ 

jjUw jAojI A*j . Aa*j!iAjAj iAO A*X^.oj lib ^j+> y j> (_£^3lj L*I>“ ^S"*t_£yj 

3 ol^A^- 0 -?l£jj y A.^iil It <ciL J^ol^j’ j <J^>a ^S^ajj <y jI 

^)IlXJ J^Sjl^£^j4^*s*olj jl ^AjA-® OA^A^JLfc . (A; J^IuX-j^)I ^s^Jw® 3{j I 

ijl** 1 3 • <3JA^—**.J AiS^ 4—olilA (^Id jl*** (JIaaj L) \j y J ^.a^J ! (JIa* On*** I I^J yjl^^A 
C*A3 jl 4-oL jt)ji {J? 3 yXj! iJLfc^ J^Jb cfXi Aj,5yoJ ^c..^ 4^ Jy U^*i 

. O^lo ( y^J 

Aj l4o**j \^ 3 Aj Uaj ajI^j I (S3 j\j^ L*>- ot j3^ 01 4iJ! ^Iai^jIjIa 

4,_>- LiaS 4 S"^JoA***0 4ptO ^jA> * AllS^ Ij y J^$JI £)l*J 

^3 a j a oIaj! *-Aj 0^-A*** 3 0^*^ ^ 4>- j ^IS! I J*^ 

Ji lAO^ A/J 4Xj^>c^4j Aj ll; lj I ^A/b^A-oljl Li JXJ.3 J^> 0 j^L-aajI 
L—O c^-l ^)L>-y ^l^a9j_j I ? o**~o (_$a>* 1 ^AiU>^j I ^ I ■ «5 

fl—i I ■C*-*?- ^ali( 3 » 0 ^-°^ ^ I • 6 uX^ 4-o^lilo 


iX U/ 


ly?J3 03 j& I 0 1 

AjJI , AJ.a^ 1 A 1^>* dh^jJb (j^l^ J* ^ OAaa® ^Ijj^ U**^t 

^5Cj . ^/b I JOV^a>* 41a*Aa*J^1>J 4jIa^,>- 1 4^.,fc (^)Lo l^j l^>" 

(*^^° « A^ibJ ^j 1 3 4-*^ AJj 40*,^ 45^*w*. — j ^ 45^J4«o m oJ 

. sIL^I l^.J I (^fl ^ AllS^^o ol^-^-l AJO**A \j 1 3 



J jJZ.> Ljj^O-lj j^i»l>- (jJiji ay»-Vli 
(r) l jjll^lj I J (X)i-xJI j>-yLS 3 (\)ju j* Clilji (_5J.>li - iy 

lib I-X. j L^j . lXJ 1 AI^Jj 4*Jp Ij L>_ / r—J j I jl . fc «.. ) £^Ti 

iljJ o_J.5jl aL« l»- ^llj jl^yOAt \Jy £I Ij Lj.J I ^Lj 

cSy £**".? 5j*1\ ^ 0^.^—“ {y) o^^«u L» 

. AjAo j-jj I JU^S^I ^ I jIaA UjeS^IT 

jL a^-L^L^ojI’I 

ojj 1 >fjt Ij I jaM 1^1-9 Ij jli Wp J*M Aaa^J 

(Oo^JS^Lo IjjI> jo.? I jjoS"jIj 

A.^ J> J jp ^ yL^\ T ♦ vH*£A.$*A a-.S^ 

cC^:>01 ^^iSTi/bjl j:jl*> ^L> y»l 

jl^l^il CjLjI . Aj JJ Lo j\-l5^jl cAjbw^a j>"Jy 

. Jo3 ej\jo\ ^a\aJ I JajI jJm aJ^O^w \jjy Of- j*m ^LSo^>- 

.^1 j*±£> j^a^lS r ♦ oc ^-L A^L-al^l^ <^> <. ,Jl>- A.*Jb^J tw*£ 4$"j£iljjj 

t\>-A>-lr a5^l Jyaii lXJI^Ljb yyS 'I . iy^^h <. (J I <L^p>- A>-J Ju3^«a 

L J C^*- J-^yl ^ aS" jl; sJ*C 

Aj L-*r.$ I ^ J JailS yuii ^ OaS"Jl^I^>- Jj V . Cw-1 ( - 5^■ , ^ ^ j\ 0 ^ *— 

. Oua<]^ jj 0^°l J L-J jC 

. I l OjjbLwyft IlX^A^ 

jcU Jb.il cl s>c-<^jT . Julojlj ojL ^jU*^ {J?^****5* J jJI^>- JI-3 

Cl—»«l^> A*—t . O**^ I vo'aTcP ! c*aa»Ia^ J^l 


S^A^ZXi Oil 


cr 


Jo^L 


~ ... i t2J I 0^" jl^Ao/Ij OtXi iXlS* j*y> A^”^y>- JJ ( y>-—^' I 


(N) H ■ A Lorent^ (T) F • Fitzgeralt (r) A Einstein 
(i) Michelson ,(») Morley 




J A/’> J y\ $) 4,b y» sJ-J»t i «A^wL Aa***!*) O^^m>i 

lXA*j c5^> A*A* ^jkA j\ yi* iX j&A* ** \ — ^ I . J)J 

lajljw* j£-> Jleu JJ IJ (jt,y • J^>- ^g Uyla ojljJySjUl 

JU»-JJ cJjj'^laS f (j*^JaS A$"juB I iAi>ly>-JJ (_$ ju_\&J!^i CjJy^\ '— > j > (ji^ • flL ^"' 

I ^j-^> 0-.£j £Ttla*»ol j\.>- ^la^w jl aXj^s*- oJ (^jlp 

. Jo L*o o I J»*^ 0 J&+-3 A^ SwXA^l 

lWIj cJj^>"0 I JjJ^I Uc5^ 

ojljjl JjLojl) CJ$ J>~ jl cJ^> A^JjI ^ape^j . lXa I JJb!lo j>£j* y& 

jl ( ,OJ*JyalA f\*£*l (C\y ^***1? ojl«Aj I ^ >\Jb\ lj>j Ij •D^2> > 

lX^Ij "-XjjfTiLla9JJ ySj\ A^h yn j|aJ I J^j*y^ I ^ 

y jl* J Cs£y* A>*^,&^o Jo Lb^L o-jo ♦ yy^>- Jji? a 5" J^S*JJb|^>- o JJbl^Lo 

33 Js*~l.a J^. J^j>-J J Jj aS"* j+»J3 . 33j^s-U>yS' jb cJ^> ^J"**?* 

A^La-o^AIaJ I — JlIa ^yA j&+i y olijS ^$ A? <J^L? ^^^7* D 

. C-A-l cS y*~J3 y-*J & 

v^wjJJ/ )Aj>- i -AaXV» AjLiX I 3 Jo I^JL.pj ijJ! y>*yL3 <jjbL^L?l aS"j sy^~i JjIaa> 

a>cJ I U j*a *»y aj5Cj ^j.j Lj Loj I j I jj aji^o ^ ^y.^S 

_ ^ JJlS^^,o I jjj j" 0 J^JLa-a ocXl>* w*clj 

^ s' ^ 

\lsfuco~j\ ^*jj| ^>lli , Jj jJl+a oIT^5"Oa^J (^)Lo.^j A-^jfc^ljL> y!$ oj\ Jj I Jj La< 
j*-*> CaP y» Jj Jj^ aS"J^ fjb y^ 0 I cXJ,D^ J^{^» fbk*>-| ^j-i< 

. C«^l Oib lJ jj 
Jj jluXj ^loj.Lk5^j!JJbtX^a-^M Iy ^£>y* (Jy 0-?AjlJl 

t 5y+» dlj*^5^J^^ <-JUaJ AiA^oJ^j^JjJJ Cy) y. ^ 

y+d , J^ p .fc t - ‘|<0 o\j jAOiaJ Lm> 0 Jc2ifl3 J->»A^ ll ^^^ - j - ^LX; aS" 

^u^jil ^^Jtoru ^o.***^ Ai>^ib , iXJ ^ ».»J oS"* 





.>■ 


<Ob.»ta)l l** Aa^^a.* 

5J 1 * Oy^ Aa-^ J jS Ia> C<C> mu| 0 3 
l-a! £y£*s£*>c» L J.^ai- I > IJ5JJ) k^^>cCjb-^,) OjU&>- ^*y I ©A^—03 a5*AiImj 

(_£j1a£»j> O^I^JU> t (_^La9jl ji^ L-J ji ^K.Sj>£a p—>• L^l aS^A-m*..^ £)l ^Aa ^jL* b 
AfcAj ^JSb^ a15"^S"I CaaaJ y_iij OlSoftl ^a£» b ...'• 
di>-^5*'|(_^l^^) I ^AS^clh j)j.*i A^obb aS"I,Aa*.<J^A.*> I 

A*©b 03 -II A*^!* I Jx I aS^ 

0^li®AiJ^^t^O C*£j+» As^JjJ^laJJ 0333 dyiejo+m 

Jo f* Oy^ * fbAj a5^jj I aoI>o:> (jjko^ijj ^bo;* I« oJ 

2jA £^bjO I . O:>-0 \pyi jA Jyi 3 AOl>“ ^ p A U Ob»3 jlJ t£^0 OwJ 

:Aj^$C*-a ©jlj . JjlAj j% ^ji\ y O^o^J.3 j) jhd I Qaa>| ^*Ol 

O*-*^ ^ J Aj L> j_u s^ahO^I Clb>^5^ A^e*IO«5^j l^j b> AA>1> O.*a0>3 Kj*& jB ^ji\ ^ \ * 

'*-*>&&3 aao I . aiS*©A& lo.a aI^a© A^tb aS""A ijb>*^ubj ^$\ . A>b> 

*S^Jy 0?^3* ^^ A^fcl^r>-Jj)lj A^l fl©J^5" ^o i& ^SJybj \ \j ly ! 

K . O-^Le cfibo ^jjJjl {J ^J,b>JAa Ij ^ I LjOS^lol ^yO 
fbj^i* AAc.1 ^31 Ob>3j3 A^fJ*y <j*U- £*0 JjI c^l^ 

b.AAJ A^ (^3^ ^ * AAfc lA*«J JaS \ y - ♦ ♦ ^S^^jb^l 

4 Oy^\ Aljb» lLAaj 5y>- O^* 0 ^ (3^^° AIj^.^Ia-o cv* aS^ uVaImJ^ b**S** 
^ IAftLi-o tfyA Lo-AaS*" ^S"(jf ^ csJ.aaa» 1 1 Xxi 3b*>^ 1 j&3 Aj ^ljAa AAa^aA 
{j*J*3& ©ASol£«l£y I ^bo^Lo-wy ji . AjS^jl^1 Ij I aS^J j jl^ I Ji I of^>*JAiloAwy 

bo > j* &A AS""aSC;j>- JuJJ y> 0 I ^3 oJ i£3^1}^ 

A»jCj> OA>c^^AjaJ ^S" d jbj^ j*4A C*^-/ 0 ^ A^-aj 3 ^o ©^>*Vb . AAS^^iLAibbs^l Ij 

Ajl)^-J Aa«?^3 ^jI i A^b oUL^II * . OiS^ A-^l^> I 

L<0A***»b <-**+>J£ cwi i b 8 'y3 ^Jlby© A^oO> J3 , A**b 



ij* ^AO ^5*1 Cj) y*>^JO - U jS"•<XM >\^a \j l^jTjuilyL* 

j+i J<3 <— Jy> t 4j^1oj o ^ kX+^\ j jh Ila! Ou*l 

* , 0*J 

^JjS L J3 J j J>\ £ Oa^uX^I^>- l^j L O^* 4j^ iaj Cj^*j 1 (J?l j> l-o^ sZ*$yj I 
,tA-£> lAjl\.>Ij JO ^>lAa J^^j^* 4*5^lXO uX-Jt»ljp- lA-^S^ouAftA.i-a \j ^.5"* j&Hj* 

o *j. 'j^ a.S^ 0 lr aS" uX>^^.4-a c^bj.3 i^J^j U>.^ 

«CaaS^iAa^)^> ^*j* f o ^JuXaX lX>lX>U c*uXa>1^wo ^l^pj . oJ-iS^L.*L <m 
4._5*J^-Laj I 1 A 1 I** ^j>1 ^jIJj .OjjO*** ^A£»&a \^^JU‘>-j\ ^IsL * -jp jl iA*IaS^aS"" 

®.(A-£»L 0 

iJLJt I y>- a<AjbL*La uXj^^Io oLo.> Jo\^<&0 J*k&\ j^p**** 

0 4jIa*> c4jLa» {J l 45 C *.»wj I^Lxif -J Ow^jI 3^5"ojll$l ola^JA^> 1 4 j Law 6^ j/ 
o jL JO 4.:>cj I 4^uAj J cAl.fr>) A> a *> J O L<>.J (odb c5jj Oy>J . C*J 

.0^1 <Aj)o ^0yO ala 4 jI*m 

^jl**0^£> C5*^" *■* JO \\*&\y>- (Jj^ v-A**>) J/(3"^°'^ ^^l*o-H oiA-JlC a^>-*yi» k 

IjLj J JJD^ilj L9J3J* <AJj^£cJ V - X * M ^ ^-° '^TiALfel ^>- ^fb j£ ^jIaj 

jfU»J\^J~J> 3 cOllfilolj Jjj J*A (J I JO j-o OJJ ^fL JOj\ V^awJ* J , \ZaJO^ l\A>I^> 

*.ijj> Io^l_p- ^<j»j J^Ujl jj^- 

. <£r ij*** ^5**^* s ~* t. '?~' i £jy a c^ N j^’ 0_^^* 



♦♦ , ♦♦ 




0\*JJ i^i)J I 

I j^ 4Ji^JtAj «A*S^ ^ 'i^i3 __'Ji ^ ( ^o-^. 

pril • ■ 5J ^e p-* ^- r iln^" •^er 0 j ; oti 

c^L; »Aj oa5^lx*^ I^i- JuV*.^ l JlL* 

^ /art 

I^jLj .aaL,aL I-X^S^vw^S " aS** 
j>\t& d-c ^oj ^ I tApu (^)iA*^A^Lj I lj 3 dls>*^5*1 ^ -••-*■ 

s’ - 

dljb 0**w4j O^* 0 {*L*j ,AA ItA^jt^ .A^JL«»a Lj^Aj* vlA/ 4-jlj^A sJlj 
iA«i4,-jbjd <Aj*3***>A> ^ 3* *J aIj^ JJ 

^jJ^.*** Oo l^**> 

£jL*jL ^.jlL^.vO oliA/bLu«A aL^j *5C1 iw^AAi] v^«^j^ pA A-**a$ ^ l^J A i 

^L-9 4j Lm* 9L ^Jka^tLo laiis I^C-^ **_>>ls*cP aS*"Oa 5*A £* ^)l ^;Uj .OJ 

-PA A^AL~o 43LA?! ^)LA*a^ ji I^PA 4 / d -?/^ .0**^1 

1/ 1 4 /uLJ IlAj lA**-~^ l^cS**«A«o luA* tA-Jb)^^wO ^I . iAJL^I**^ L*A^_.>■ ^^jA^J 

&3 ji^-JIO_^/° •■a-aS1«a-j £)lr a^> 33 Aj Ij^Jt 

^.a^JI^jI • •AaaS*"^o j^*-> ^ 3 ^'j*** {£3^3 ^ ^ 3 *^ vOp^a^L _j#aU ^-^V^a 




bCf**** *0 jltjfi jljAil^.O jol J w**V ^*5 a 5*Ijlji I 0-9,9 A$CL OX lf*jAi . J^oj 

.•J^S** J J.—-4-® ^aJ 

^iLlJwJj 1 aS*^A+P* p (jl***Jj A^\^£,£^^AAlOi\£j (*Ubj l^^iS*'A^"(_fJ^ojltij I^^SJI 

^ uXjL^— ^il^sl 0*C j*» A(L^-5 .»w-w^l *>—-A^** 

a5o~<JjJu yj I jj JJ cAaS^^A llA-O j‘Uj 0 _y^JI aSJj jj as Li I a£J| 

iSj£° jlJuIJ^iw»«l^.£jL0 I JJaS^^ uaiciAiJI. I <JJjSJJ 

0.?^Jl 03.? jl(J0 »a*J UjIl^I^UaS^,,C. 0Ur^ 0-?>£JI 03 jjc*£^* 

J^j jlj- 4 -* ^LoA^S"'I^^J j ^*Ij.a 

jJI y>-yL£ Aj jJ*,, AS^J^Lai. J^,£~w® AsL^I 0^-9 jj C-£^jlj3 aS^J^Swa^J 
r-^ ^ ' j| I Az*-j!a lA.a^jJj.>- JJ Ju {Jj*J <jO^5"^jljjLo 

aSjJI_^> j^ls ^$1 I K*^a J* aS^-AJ^aA j L l^l^Jj Uj 


ai I J^j w 


jL? (jljt 


J? (3^:^ 


^AA-S?^lJ OjJ ^jL-^jJ 

. uU -1 iAa*>^aJ®\.A 

O^J*^* cX-i*»Ls ^t*PL^ (_£J ^^JiqC 1 c5 *—j (_£J^-o ^ aS"” lXIj^a If-jl ^ji L.mmJ I 

{*>■ L *"^jl lX^Jj>- 0j^~ (^jy ts"" 1 0_J>" ‘Aj^" ( _j-° fjL^-jl A5"(_£jjj 

J '-r^ L5- f i^“^ i>-' c,A**J . oiL u\>lj ju\ii>- lis»cj I ^y I aS^oj . jj^jl*a 
A$*^j IS^IIaaj ^-®-» JJJ j3 aS^Ca***I jl>J JiAaJ I «Aa^O^>- Jj^j ^ 0 $Cj!La 

I JJ aS^JJo L-_® 0“*^ (3 Jl> ^^ Jj>-J ^jj IIj .lA,» J Jj^^A,a 01 <iloj3 

0 j^" aS^iAJJL^ ^-9 ^ .«AO tAjiA^J^>* dlojj aS^^jIS^jIl^ ^ J^* -9 ji*^ 

cl^O IjiA-w^J^^ 

$ cXaa^j^.^ j Lo ^aj ©Lo jJLwjjj jli jj aS*”lXjj )u\av0 aiJI 

AiLj JC^A^jI^Iaj ©lSw>c*^ tXA^J^>- . J^JLwOdiA-w^^j L® ^£j>*jJ Aa^J^c> AffB.fc.0 JJJ 

aS*"C«*u) I ^V*t c3j-***5 ^^j^JJ AajL 0^.>-j 



4ll*j ljUaJU^ 

, ^ y£t> Ai ^X+3»J y6» 

3^^* J^3^ 1 3)3 \J?33 N\\\ 

/1 . A-lA** 1 ^ L "^* JI uXjj>" ^y*>*.ASi Aj 3 (_£ ^^ I 

. lAJ.^xLo 4^»a vj-***j L ^ cSljtaj-ACojO^jt-u.il; C—JJ^jlliJj I iSJy 
2 yL.~“ <-^^*Jy>- d^J j eijjJi\ Ji (jji [j)\^j\z**jy Oj^ ^^y* A (ji^* 

. aAaL > ^bjs: {J *^AJ .2 4.Uli I ^5^j aS^jLmSCc 

A«u I A*£ 4 .SCj oW . A*^*4J <-03y L(m-« I \\sJ2j cfi.) _0 (^iAjlXa OA^ A^£j 3 4A.JI 

(£33 ^^—+a3j^~a I ^j Lj i 33j^^.^,a 3>.+*** 3 3 3 ^ L> 33'j+Ac^j^} {j? *** ^ 

©uXaI^Lo^SCo ^Laii 3 1 ^iaii dJj JJajLSCL Aa*>0AILj^ Al<£»Lwi-a 

oS^^>wC^I <jli?l^5"^oj.5 4$^cl j>333 A - I. ’l V,-,f 1!«y. i 33 A .*^9 ^*^ 1 1 , 

l/o 4ol33b b£l^ I ^ 

IjA^Jp- ^413^^1 y (_£J^ ^3 a (^j1a5^$Ca*»3jAJ:> . AO ^Jbl j>- <JjUwb!f 
e aJ^.» (\0 ( J^1^)a^j ^^1$0 

( N oj£l^ ) i j'3i^ ^®AA ^3 i J***33 ^Aj 

^1s»caj A-k-wO^^- ^-iS" 3**^ ^\3 ^^{_}*** A*!>-^j.S" I l^ljj . ^wk^l*£ dAJfebL® 

^iS*"(_§jb j^S^S- 3y>- 0lS"jlZ^jl 3j\^^A ( j^^a &tX++> j+a O^o-^ I 

. jd^jX (j^3 jlz^i ^ I jjjj J3 ^ 5 !^>ci 1 wx-L U dS'jjj oj\a*« 4^1o I { t j3 i ^j 

_ jV fcll^i^l _? b\j^dl)U>-o lXA ^jLol I \j^j}oj^J^j^33^j 

l^li 4J 4 ^lXjiA^j oi^lj tfS"JJ j L^\X\ JL- J£JyS?\C:* 

^°^3i 3 a 3^ (3 , ^ a '° b* ^ j** ^ AjIeA-^ s3 j>**j 0 

(\) dU A^J L^^^si&o jlal cT'ti (,^1^ " **^*'^, ^ 


(\) Lick Observatory ('O William Wallace Campbell 




jIa) k**jt I T^i^Ui ^LjI 

jm\j^ \j y jS^\ sy.+*»J y^ <ola))(j^d 4»bl>* (£2j+ J i ^ y+£> 
y lXj \y ^^.+a »-Xj y yi Jj^s iJLa (^.^b) ^ 

4^L-«A I ^yj jy lAl^b^a I aJ^I^LLo jM?\S.C- ^C)y* 5 j* 5 0-9y£jl ^j^ 3 -*-® 

jAjlrO L^^jI *3jb f\j Aj ^b- o^bJI^^S (_£jb I OuJ^Jy>- ^b^jy . C^-b 

CJ I jy b L> 0-?Jjjb lo ly^lSJI c5-9J j> 4^yl 
oy\'i*+>yi (^ ^jb , _2"^ 5 b^**J t^yd tfi J $ J yy £ \ y&\ t L®>b-9 b*^"^ O-Jbs b < -^**' 4I*»<Jb'I A&cjSj 
^oS^uXJj l^o uXa^»J^._>- _)l A^”> t lXj^^j ^£j>$Jjb«*> i*lb I b ^J,\.^^>-^ I , lAI j,*..-ft 
.Jub tXl^bjjl Jbu L?JJ ^5^ ^^jbLo tfl^ljl 4.S" lAJ iA^uX.—o j> y*^ 

O ^ 1 j b> u<mmi jA-jJ _Jl\j3j I 4j {^y^i bj^T* ^r^^ yy 4zJI 

. iy> j^l^>a (Sjfi bl^-^ iSyyj> 

,\Xfi>^y^j b y£(j y oL^bjjl Jj^lS^bjl ^c*£> 4^bl 

, y^ <£ ^.S^fijluXj! I ^ olj*-*j u yyj t + * & iy-^y ^ cjLJs> ifb^—> aS' ^jJcX^^b 

.JojJUa J^Lo-IoJa jid\>yJ$j!hj<^o J b dlj jlr \pe^a>- Jij*'J^Jj* I Jji Jo 

(^ol t \oj 1 jjy c?o yy & o-b^fbf* ^ ( ^yX>- ^-y^y Jj*b*^ \^y^>- o5 ' 

J> (£y$ d\j(S^->y (yy~*b~y OiL* ajU> sX**j yy y O—-j U^°l 0 ^ 

. jj^SCjojIiAJ II jtfij jlj* 0^*- A j^uij 4.Sbw£» yy by# Cy^yyy** 1 I 

JuL^z . Alob(_/ *J>0jS ij-^ li> b ^ ^*^b- k -*~ s *£ j \ 

l^j y i^\S^y\s-*«i by d^yyy^-w 

(_5iAio«i*> b t {y\yyy+>\a.**y*y*jfi d^-*y b^® i^i ■ yy£*>yyyy\^*+*» 

^b > ^ yy pyy ^y-*+hy ^^.yy I 1 j^Ij 

• ^ Sriuis cryJjt^ 

jlJ^SCLa jii^ f ob^dU»^l>jb^il UjIj^I ^jjiJL-obl^ 
^(j&x£c>j\ij *yyy ^^y JyL* jjy ob> l^buU 



jl ^ ^3 jA . (3j-i*^ jl ^ jl^iLyi y j+m* 

l^lj jA^+91+m* L^*> 4jO-**OLj ^JL'J3V+*a uXju _LaJ*9 Oj^j \\+3«Jy ► A-*laA^^l,.*.•>■ J 3 
(j\ji (^ 0 .;U^ . 0*^1 o3 y yyAy^ I^JbJ3 (^A>J.J 

Ij ^*ii?l \y» jLlS^ OjJ I A-a (_£bk 333 Jj'J* 4Jj>L^ (^1 

. cX.LalA-e L§y&J33 ® o^Ll^j ^>J £j)Xb ^l^wjJb ^*3^>a 

^5vl<wOOtAjLa 3“"° <-X^ 3 ^**3^3 1^3 .I.* (_£Lfc 4 j I 

. o**l cfy-yy y c**^> t t_jl-i31 (^1 ^ l^ii aS^o^I 

JJAj ^S"^jliA*a J ^.S^LkA Jil^~y I y I 4j 3 ^ ^La Oy ^I 

C-**wl &Oy La {£ I y djIl^> ^i| ItA^jua . C**J^jj^a l^feJ3 4j 3 La y> 

^j1.o.3je>‘ 3 0 j 1 iAjL C«mJ(_ 5 _^ ajll^ ^^Lk^ . 3jl^ ^.©.^..a oUJI^^d \^>\^a y>* 

^^x±S^9z>a 3 k***&zj*j ^ y.»» «> * A^Vo^a ^^33 (_d^l«3 

. o3^ ^3 X *31 3 ^ 0 1 c^jS^L 

<y y j*** ^ jz^ \ ho * (JL*o3 Bessel 3 —**> cf*L> 

o AiiLa OClj I (^U>c >3 C****l O^" J > ‘3^ ^LSOLm* J3 (^*"3*^5 ^SOliAa 

£-91^J^-**' 6 Ja>* ^^iaj I J ^^b' J I AlS^J jliAa (^Al-o^l yZ* 

, Q-w> 1 i^A^Lo/a ajll^ ^jl ^1 ^5 *ej 1 iA^» ^!L3a^a .«^ y£+*A 

t Jo3jS3-> j4ji (S333 'AJ J[^- J ljj ySjl jf\ 

£ I ^ 2 • *—‘‘““I j^> 3^-> I ^j'-’ l\JjV*^j (_^ tS (_fjl \X&'^ jb iXi<li (_j^i ^5 I l)JJ 

£• "‘^j^~^ (3 ^-)A l? Jy~>j>j\ J>ij^- '-~*jii jtW I jl 

A.^1) vAJ J*#>^ij JtXj I jl ^!aSC^c^5 »&£>-y (_5*®^ 15^*^ 

. Jus-J I JJJu ^S^O—a 0 f 

^J JULa^ jA * (iliJJAj ®LaJ 3^°-^ 

oY*» 01 V^ ?"/,y* ^ jl ji^yS^Atl Jjj& I . Jo * 4j*3l>* 

eU ^JtSl^jl J^o , Jjbjl^S jjVaJ ^tla*oj.OJJ \"\ ♦ ♦ L J 'j+aJ y>j\ jLbt^S 



AjfbXo wx^l^>" La jju*-** b • ^-xh£-*a (J^-aj ^JL*>- 4ol>^j5" jA b*J b b 

j\ j ^ ®! J J^^^Ii-Xa ji&l I ,)$ ^^b^_5 j-la*) b^ b*^^ 

wXl»j Aj uXj Ij^u I Job* JJJ.^si-jliAAjb3 Y ♦ • 

^jjJ^jlii . C^boS^JJ oLojJ^eA l\j IcXj lXJ I ^—* ^Ajj)i_XA b^biUA b iLJj, 

. 4 —«**! obdl^^wlb^ kfc^pb aS^ jjb {j*y aS" b jS* IiA^j bb-^bb b***^ 

ASbj^uX>-jl>-b j b o Jz^* I y t_j jI >3 J b b** M ’^ 

*«b JJ)l9 y$" b o jb*-* j^J I ^S*! {Jy^ • l -X-k*b cbj jb^-j iAjb ojl**« ^ I 
£Ob*J *-***>) LS«3bj yG&iAKjJS c$ljbiAjV Jj5* v3 j>l*-a ^j>-jIlAajI lj (Jf* y m j*** ^ 

CjjSi&JL+Z I JJw . Jd-b jbj (ibb ^UjIj J)j.:> dk^j5Ua : *eAj.> <_£^-1 
.JjbojLl^ b ^ cSL^ojI jIiAaT \t fli !«,.■> <. Abb> o^3 Ab-*>^j t ji bb^jbl^^Ajb 
I . *3jb ©jb*** b I L^b^j ^.J J ji 5 1 lX*1i ^r+fe^ii J)^*32p+&\j£ct lb J 

AIS ^Ol lSjToj^I J^-Lj c5 J^tt C^bjj^rj^j I iA^bjL-**j t^ljb 

l£bb^j**^> J* *** aS*"uXa bo ^ jV 1>-X.) c «ww^l^bJ A^-M-jJb ojb^ (^ I I 4 iA**«b 

. uX*^b ^.b^fc^j b i ^ j \^)Z3 «^b J ^ 

^ jb~> ujj 5C—L I \A"i^f Jb> ©3jb^ 

©jli^v^^-baA o't^b aS"I \j2y>” (_$L^j ^SC-u*1j (j* ,t ^i - 7^ , ’^ j 0^>dl^ljb 
OuXJbb^LA JD-^^'-Xa <__5)^j^e> I t^Upb _3 uX*^b CU-M.JLufcA aS^^I^ca^J) b {J 
b jy* ^ J ijfy>k ojbL*j b) I b 5 *^ 4 Aob>- bu^j-> J5j> l^jtXA A SCty>- c JD^S^ 

. iAIJLw I Jl*a I Ji I b 5 ^*® wUuXO^^.5 I JoJZj** A^L J Ij b^o^slA _3 t-XJ J 

j^zS b^b ^9zi Jj (^b^.ijbo^ I j\ olX^ ^y$\m£+±i oj\Z**> b^,^ ^fl.*.S *~ 

bj-j^uXAfb' b I.? j^.w« i a ^Xjj) djbix^l 0^^ 

«Cm^I dC; j O^b 0^® 8 c/^' 5 fr^ 

^^*1 w*b ^^IokA ^.g-i-l? dlj jb l^jJsa^- sIl-S^*-X j jb AS^JjJajbo^ 

c-^^j v-^itA^c^o j$ jj> ,iJdwb ozS ^^A JJ ^t)y A^S^b*®-^ »*-«*ic > ' 



, tXOlj L* I J y jTaGIU iAJjX*-* J,} ^9 (£j*J+* *i I Jjj 

jboLali**-.!? ojj* ^_jL ]Ji ciC.'j j (J&La j*~Ju OpL <_iii>aA jmx >lO 

a5\o**1 ^aI^.lXO ^-ufc!j>- ^j|j J*** 

^__j3L>- d^fl oiA*» I J ^lS^.*** jl_.i.«,j ^-*»>- . jbw I j*a*£> $5 il j+~** 

—* b . i-Oli Lajl jl J$ <JlOP0**l o**»1 (_£jLj ©jUI (3^® 

e-fl-«.i? JJ bLjL \&yk*> 4,Sj»XO iA^l^.l> OpIj J) oJ^oj ^jZ-o.5^1 jl^» 1 C*Jl*9 c<Njil>- oj$ 

*OpL Ow^La j| J 6^" «^Lj 0 «P j*** 3 0t -^-+* 1 (jjla-Ja j* j* 

o5^b^ tAJ^O ojljL© (£JL/£Jy ^l^a! ^* ,ia 0 ^ 

©iXa I La tilaiCj btlj IjJ {J*Jij*^ • i—&b? JJ ^9 C^J J (_£ y^j dl jlr Jj^L^ 

op^< *5* ^£or Ol/o j jl JuL .juS""^ J>. Ij xllw* 

0*0 <jf 1*3*4.$^^jIiA-ub^a Ij ^jj I . w\.) I o j ^*"*** b^j-^^L^oja < ^ u ** 

45^30*w^> £~y^yA ^1 j|j .lX^I^wO (^jLj (JJ3 tSbb ^jI^sjc^cj 
ojLo ^Aa^JJ (_£loljJI(jj3 4)3L>- ©^9 wXJ^j J>^:£y jLj ©^*3 I | 3 )t-Xi< 
03La ^cj j jj W-S Adams i^j*y j■**** ®jLo ^jUj .<-XlS^ 

.O^j^jl^9 o^liol ^LlOli I 4 j j]a> J\->3 40> obi (^1 y 

.vO-^loj)jj ^.AaOj I oL^jlajobl LaoL®l»x9) ^br iJls»olr 

4^ls^^5"I . ob c^j^jo ^K "jyLu (SJ^ l)Lo>-VL 4.S^oiS" 3yjLxA J^l y b 

C)\j* &J>-y JL>- jb,M> 3 s^a+S'tS' (^L_Jb XJ s*u \j* lX^-L Ou^»J 3 jb 

. ^jl^IflL ^S^uAjJ 

0 ^-— *J .vO^wl jlcXLU ^.niX Ob^A ^ ^^L»^o^bo 

^b^S-U-s^La ^1 (JL>b» L X»-J I < t >p *4.**l o$y j c_clOc^ J"****{J^y I 

^jijua ^y>y^>“ Oa->w3X*^^9 ^ 1-9 <^*0 ^ jlL® ^^J)y LftJ XOliAj ^T-^Ll^l 

y*a£tA^ji j\yA ^Ljta lX^A." . uXlS^^ 5 *° ^."L OL°J O'-^Oj vO£ 6 JO 
iXirL i yap*£ Obj <S °jbj I t vj 0 **** 0 ^ jb lAjta ijbj c$ly| 



b 4ol>*j 0L0 A.*ai fljj L^*£^iol 4$"^yl*50^ . C—*! ai5*Lj 

Aj .C-**bAA ljl^> lA>ob**jt,j8«w>^y (g z lj? A ^ 

& 5yZn C-^L ^ j^ u *'° AjjeJli) \S O^J ^jjl jJL> (_$lI jl 

4A>U (Jy<3l) 13 ,^*-nS^ jfLu* L<ia9 1 ?Vaj I*a9 Ia^Aj^ 'woP y*** 0 I li I jlj 

(^)aS*"AJ AOLj Aj I^a AJ!o ^ ^ J J ^^ J* \J**~T (S^JJ ^ 4fTL^.1 f . vll-**! c A^j 5 
J Iap^I«mjIj 3 j> A1a1^>- Jy OC j+n L J ^JbUljV (^LksSJO 4<f 0*ftia£ ^jj\j 'J}\*mA 

jj OjiClJ Ul. ai^L 4i£b c>y>>y c>£ jO^ fLrj:> &£x j\2y obiy i)bj>- 

» \J^£*j+j*} Lew I o^5>c*jo 4>c-JliL j! Jy A.*-®J>_,)J I (A A*? - aS^AaS^^.® ^1 
AaOAO.' 0^^ _^>-0 O-A-eJU AA A-ft|^>- Llfc® A9U ^1 (^1 O^- 0 -^ ^O 

tj^-l^ Aiapc) Al_>" _?! O^^Lee*^ -?T -9 AO^S^Afe)^s»cJ 4$U*I J)l ^*w^ A*w^j 

^1 ^*W Obibli ^Sbw® I /1 (Jl^ .^—-^L A^fel^Ao AjAaj ^A*9 $ A^A^ Aft I^Jcj 

A^AA y j+j y ^5Al^jl ^ AJfclj.>- ©A£bLA® .O yy OwJ oAA 

.sAwj| oAjL® i^)!^^" J^Jaj Lo-flb A^djl^ 

C*®UcAo 03> AUb (jlaj 45 ”Ia^.® iaiS^JC-^JjU'lj^lL/o ^1 

^5^ouXw ^ JiJlS’i(S I J Jy*& AlJI 4 *5 jS^j* j\j$ 4.ol>-J Oc-j^us> yj L’ Oi>t> CjAJLj 

aS” 4 >o I . ^*fLoj 0L0I Iol^*-A j' ^! ^ > ,3 .1 ^ oIaj^Ia.^ L L91 ia^w^j 

4^J^>-aAiL C-^J3 AjLa L)b^ JjL C-w^b> aS ^* : - 1 r^ ; 11 y~L& 

I J I ^ I y eiAAli# ldLo5Cj ^SC>jU>e> I Li 


. ^j leJ ,S CjLjI 



1*40 






♦♦ ► 



LoIlAp-I ^ Si y ( J *** 1 0 ^ < J ^ 

CS^ jlj* (3^ 3 (>*3 

jl-»***i Lj j ^b I OiA-JZJU .tXjlo >* yS- 

^*6j>LiS (_$lojb*- jbJ JUJI iSjAj 

dJlf^llL- . JulcO^j <Ojl j> (^Ijb 3 I 

^?Ua*wJ;^JJ jIj 

I . ^ Js j*~l 3 y* b 

{Jy 3 y^ ^^■■> JlXZj 3 °^3* bL£* I Lj 3 
1 g.5/ _/*"** ail^-iaS ^32 a_5^ jaaA*^ I I.® 3 b .5 0 ^ <3**~^3 ijjjLa 

.C-M-J I 1 A 0 ^Alij LCaSJ^ 

I y I &,+Jy>-^3 b ^jUl.5 4 jL>OJJJ.5 4^OamI ^jA® 

Ajli>0_5J (jlpciL^— S*^S^l .^jIoA^ bej I j\ 4.^bba6 4J J^j|<A-o 

^■*£*c*w 4J3^1 ^31 a lS^3 -?ba aS" jll^j (jp ^jlbl jl aS^AIA^ i-j y ^3jb> AaL OiXj^uJ 

*U j\j>j> AjUJlc- (_$l^5*cJ jk> j!^$Cj AjL£> t i}\^> j\ j&> Al>- £j<J<.#J3 ,Aj^^i» 
J 3 AI>»lj )y Ajl>- 333 y> I 33 obiJlS"l Aj aS3>jj ^>1 

aS*"<2191 aS"aH£< A^x>^ b I ^| (^jIa!^- Ia^aa . AJjO AjJllaA A^a I^J I 
3 fi Alj I ^bbLA oy^JS* J O-o-laju ^^>-jj A A$yb Iojj Uj I 

333o A-j I ^i5 !u\..<w».**i 1 iAjL ft i_)1<-^j I 33 ^ Cjj^>" 

3^jS ^^jub l^.!o) ^.»3 IiAj l 643^lc 3 (jb*L£»l a5^c \-^*y {S333 

^Jj >*y ApeJuJJ lXj LiXL 3 ^iJsa6 ^S"i-Xjl6j^j ^^“.>.> cAjuIj uX**» {S333 
,^j|6iXta**0 ^3^“ {^^-3 ^ t©«5bJl (^La^ aa>Ij J OjlJ (^^l/0-*w^$ljb4j 

Cjxil 









